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included. The report concludes that, even with characteristics significantly

different from avionics equipment, ground electronic equipments are amenable

to the use of warranty-guarantee plans. Careful analysis and tailoring of

the plans are required to ensure that R&M improvements and cost reductions

are achieved.
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PREFACE

This report presents guidelines for developing and applying warranty-
guarantee in the acquisition of ground electronic equipment. It bulds
upon previous warranty-guarantee applications within DoD and is intended
to assist ground electronic equipment program managers in identifying sit-
uations in which warranty-guarantee plans can be effectively applied and
in structuring and implementing such plans.

We wish to acknowledge the valuable guidance and assistance provided
by Mr. Eugene Fiorentino, Rome Air Development Center, who served as tech-
nical monitor for this contract. In addition, we are indebted to many
personnel at the Sacramento Air Logistics Center, Air Force Logistics
Command, who contributed to this effort.



ABSTRACT

Under Contract F30602-77-C-0217 to Rome Air Development Center, ARINC
Research Corporation was tasked to develop concepts and procedures for the
application of warranty-guarantee plans to ground electronic equipment.
The study was initiated in November 1977 and completed in August 1979.

The plans developed include warranty at three different maintenance
levels, four types of guarantees, and possible combinations of warranty-
guarantee. Criteria for applying the plans are presented, together with
information needed to develop appropriate terms and conditions. A life-
cycle-cost model for use in evaluating the economics of warranty-guarantee
versus organic maintenance is also described. The approaches presented
are then applied to a sample equipment. The report concludes that, even
with characteristics significantly different from avionics equipment,
ground electronic equipments are amenable to the use of warranty-guarantee
plans. Careful analysis and tailoring of the plans to specific equipment
applications is recommended.
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EVALUATION

1. Reliability Improvement Warranties (RIW) and MTBF guarantees are

currently being used within the DoD as a means of improving equipment

reliability and reducing support costs. Current application techniques

are based primarily on the characteristics of avionic equipment and on

the environment in which such equipments are operated and maintained.

The objective of this study was to develop alternate warranty-guarantee

techniques for application to electronic equipments in the fixed ground

environment.

2. The objectives of the study have been achieved. Warranty-guarantee

plans have been developed which can be applied, on a selective basis,

to a broad range of ground electronic equipment under various maintenance

scenarios. Selection criteria for judging the potential of candidate

equipment for warranty-guarantee application have been provided. A

life-cycle-cost model was also developed for use in evaluating the

costs of warranty-guarantee against organic support alternatives. Sample

warranty-guarantee contractual provisions have been provided. Warranty

administration guidelines and data requirements have also been included

in the report. Finally, a sample application of the techniques to a

ground electronic equipment was made to provide the prospective user

with knowledge of the types of analyses which should be performed prior

to application.



3. The report provides guidelines for program offices in structuring,

applying, and administering warranty-guarantee arrangements. Proper

application can yield significant R&M cost benefits provided that

careful analysis and tailoring of the plans to individual equipments is

done. The techniques are particularly relevant to cases where minimally

attended maintenance concepts are under consideration. Evaluation of

post-application results is recommended so that improvements and refine-

men ts in the techniques can be made.

EUGENE FIORENTINO
Project Engineer
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MANAGEMENT SUMMARY

1. INTRODUCTION

Various types of warranty-c arantee plans are currently being used
within the Department of Defense as a means of improving equipment relia-
bility and reducing support costs. The majority of these plans are based
primarily on characteristics of avionics equipment and on the environment
in which avionics equipment is operated and maintained. This document
examines the ground electronic equipment environment in relation to exist-
ing warranty-guarantee plans.

To establish a basis for subsequent discussion, the following defini-

tions are provided:

" Warranty - a contractual obligation that provides incentives for the
contractor to satisfy system field operational objectives of the
user. The contractor is given an incentive, through a fixed-price
commitment, to repair or replace equipment found to be defective
during the period of warranty coverage.

i • Guarantee - a commitment embodying contractual incentives, both

positive and negative, for the achievement of specified field

operational goals.

The purpose of the guidelines presented in this report is to assist
ground electronic equipment program managers in identifying situations in
which warranty-guarantee plans can be effectively applied and in structur-
ing and implementing such plans. The report examines those ground equip-
ment factors which have an impact on tne application of existing warranty-
guarantee plans. It then provides plans applicable to the qround environ-
ment, provisions for these plans, and criteria for their application.

Methods for evaluating the economic implications of using the Plans are
described. To demonstrate the approaches presented, an application to a
sample equipment is also provided. This management summary provides an
overview of the guidelines and the general scope of warranty-guarantee
application.
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2. EXISTING WARRANTY-GUARANTEE PLANS

Table S-I highlights the principal features of the three basic types
of warranty-guarantee plans that have been applied primarily to avionics
equipments. The following paragraphs briefly describe the plans; a more
detailed explanation is provided in Chapter Two.

Table S-I. FEATURES OF CURRENT WARRANTY-GUARANTEE PLANS

Features RIW RIW/MTBF LSC

Objective Secure reliability Achieve stated Achieve stated
improvement/reduce reliability logistic-cost
support costs requirements/ goal

reduce support
costs

Method Contractor repairs Same as RIW; in Normal Air Force
or replaces all addition, con- maintenance; opera-
applicable items tractor provides tional test per-
that fail during additional spare formed to assess
coverage period; units to maintain LSC; penalty or
implements no-cost logistic pipeline corrective action
ECPs to improve when MTBF goals required if goals
reliability are not met are not achieved

Pricing Fixed price Fixed price Fixed price or
limited cost
sharing for cor-
rection of
deficiencies

Incentive Contractor profits Similar to RIW, Award fee if goal
if repair costs are plus possible is bettered; pen-
lower than expected severe penalty alties for poor
because of improved for low MTBF cost performance
R&M

2.1 Reliability-Improvement Warranty (RIW)

The RIW plan commits the contractor to perform stipulated depot-type
repair services for a fixed operating time, calendar time, or both, at a
fixed price. While the major expenditures of a warranty procurement are
for the repair services involved, the primary objectives are to secure
reliability improvemenz and reduce support costs. The question of whether
the contractor can provide depot repair services at a cost lower than that
of military repair is secondary to the objective of reliability achievement.

viii
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2.2 MTBF Guarantee

The MTBF guarantee requires the contractor to guarantee that a stated
mean time between failures (MTBF) will be experienced by the equipment in
the operating environment. If the guaranteed level is not met, the con-
tractor is typically required to institute corrective action and to provide
consignment spares until the MTBF improves.

The MTBF guarantee is normally procured in association with an RIW.
An RIW plan provides incentive for MTBF achievement through the contractor
maintenance support commitment. The MTBF guarantee provides an even
stronger incentive because the contractor is obligated to provide consign-
ment spares to relieve pipeline shortages that may result from low MTBF.
The MTBF plan also includes requirements for improving the MTBF to stated
values. The added risk the contractor takes in providing this guarantee
will be reflected in his bid price. The procurement organization must then
determine if the protection provided is cost-effective in relation to the
price.

2.3 Logistic Support Cost Commitment

The logistic support cost (LSC) commitment is another means of con-
trolling an equipment's operational effectiveness. Under this plan the
contractor makes a contractual commitment regarding a specified LSC param-
eter, which is Quantified through an LSC model. A controlled operational
field test is subsequently performed to acquire data for the key variables
in the LSC model. The measured LSC parameter is then compared with the
contractually specified or target value.

There is considerable variation among LSC commitment plans regarding
the action taken as a result of the operational test. Most plans, in the
event of achieving a lower measured LSC, provide for an award fee predi-
cated on the amount by which the goal is underrun. In the event of an
overrun, the plans provide for reducing or eliminating the award fee. In
addition, some plans have required the contractor to take corrective action
to achieve the stated goals or be penalized monetarily. In recognition of
the risk inherent in this concept, the contractor bids a fixed price for
undertaking a commitment where corrective action may be required. These
types of plans are considered to fall under or are an adjunct to correction-
of-deficiencies (COD) clauses. In the event the cost of correcting defi-
ciencies exceeds the contractor's bid amount, provision may be made for
Government and contractor cost sharing of the overrun up to some specified
ceiling. Costs beyond the ceiling must be borne solely by the contractor.

3. GROUND EQUIPMENT FACTORS AFFECTING WARRANTY-GUARANTEE

Since existing warranty-guarantee plans were based primarily on char-
acteristics of avionics equipment, a comparison was made between the ground
and avionics areas for several different equipment factors. The results of
this comparison are shown in Table S-2. An expanded version of this table
is provided in Chapter Two, together with a detailed explanation of the

ix
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impact of the differences. Four of the most significant aspects of ground
equipment are reviewed in the following subsections.

3.1 Procurement Quantity

While occasionally relatively high quantities of ground equipment are
procured, in most cases the quantities are small in comparison with avionics
equipment. These small quantities may result in relatively small contract
dollar amounts and reduced competition. Small quantities also result in
short production runs. The consequences are less opportunity to spread
fixed costs and the possibility that the entire production run will be
completed before the manufacturer receives sufficient operational data to
learn of design or assembly problems. The major impact under the RIW con-
cept is that there may be little or no opportunity to incorporate design
or production line changes in the remaining items to be produced. However,
for small quantities already delivered and in the inventory, it may be
feasible to consider requirements for retrofitting the units to incorporate

changes.

3.2 Equipment Transportability

For some items of ground equipment, transportability can be a serious
problem. For example, the electronics unit of a long-range radar site
weighs more than 450 pounds, while the heaviest LRU in the avionics area
usually weighs less than 50 pounds. Therefore, many end items of ground
electronic equipment cannot be reaiily transported back to the manufacturer
for repair under warranty. As a result, warranty may have to be applied at
lower, more transportable levels, such as assemblies or subassemblies.
Alternatively, the warranty may require the contractor to perform warranty
repairs by traveling to the equipment site.

3.3 Reliability, Maintainability, and Availability Improvement

Ground electronic equipment in the inventory today ranges from 25-year-
old tube-type equipment to the most modern solid-state technologies. In the
newer items it is not unusual to encounter equipment for which reliability
is quoted not as a mean time between failures in operating hours, but as a
small number of failures per year. Therefore, for new equipment acquisi-
tions, it may be unrealistic to expect large reliability growths. However,
even in cases where there is little potential for reliability growth,
there may be potential for improving maintainability or availability.
In some ground equipment applications, maintainability, in terms of maximum
duration of downtime, may be more important than the actual number of times
the equipment is down. For example, from an operational standpoint, in a
long-range air defense radar it may be more advantageous for the equipment
to be down five times per day, with a maximum downtime of 5 minutes, than
to be down only once per day for a 20-minute period. On the other hand,
in training applications it may be more important that the equipment be
operationally available without an' failures during an eight-hour training
period. Because of the diversity in operational missions of ground equip-
ment, a warranty or guarantee on maintainability or availability may be

more productive than one on reliability.

xi



3.4 Varied Maintenance Concepts

Maintenance concepts employed in the ground environment are extremely
varied. For some ground equipment all on-site maintenance is performed by
contractor personnel and failed assemblies or subassemblies are repaired
contractually either on-site or at the contractor's facility. Some of
these situations may lend themselves quite readily to warranty; others may
not. Foz example, some sites will have a combination of Air Force and
contractor maintenance technicians, with removed assemblies and subassem-
blies repaired at the organization, intermediate, or Government depot.
Still other sites use Air Force maintenance technicians exclusively, and
all failed assemblies are repaired at a Government depot. For any ground
electronic equipment warranty being considered, this broad range of possible
maintenance concepts must be taken into account. The following section
addresses warranty plans based on the existing maintenance concepts.

4. WARRANTIES ON GROUND EQUIPMENT

Review of existing warranty plans and the ground equipment environment
identifies warranty plans applicable at three different levels. These
levels correspond to the traditional maintenance levels employed for Air
Force ground electronic equipment. Thus the basic types are as follows:

1. Depot Warranty

2. Depot and Field Support Warranty

3. Depot, Field Support, and On-Equipment Warranty

The characteristics of these warranties are shown in Table S-3.

Under the Depot Warranty concept the Air Force provides on-equipment
maintenance. The off-equipment, or intermediate-level, maintenance is also
performed by the Air Force but is normally limited to verifying that the
equipment has failed. The contractor provides depot-level maintenance
services under warranty on returned units. Under the second type, Depot
and Field Support Warranty, the Air Force also performs on-equipment
maintenance; however, all other maintenance is performed by the contractor
under warranty. Field support is considered synonymous with intermediate-
level maintenance. The distinction is that the support provided by the
contractor under a Field Support Warranty replaces the maintenance that
the Air Force normally performs at the intermediate level. It is antici-
pated that the contractor will provide maintenance services to the degree
possible at the intermediate level and will limit units returned to the
depot to those requiring specialized repair and test facilities or exten-
sive failure analysis. In the third type of warranty plan the contractor
is responsible for all maintenance at all levels.

Under each concept the manufacturer accepts the warranty under a fixed-
price agreement. The agreement remains in effect for a stated calendar
period or a prescribed operational time, or a combination of the two. The

xii



4 $4 4 4 W
0 0 00 00

u. u C. C) u 1 0 .0
'U m U (o 'o m U to .)

4.) 41 41 41 4.) 4-j 10 14

>0 0 0 0 0 0 41J 0H
C.. C.) U U C U -H (flCt

F)- U) -4

0 1 0, 41 .,)

0z 4t 4-' -4 .
C) 0 C) C) ) ) 'u

4.) 4)4 ) 4. ) 4.) >. 4 41)a0jz4-) 4 1-4 .. -4 .14 .4 -4 X. C
r-4 r-4 E E a)E 41 C) 4

z- - -4 . 0 4 z'

4. 0 0 41 4) z

0 ~ ~ r 0O 'U ' U ' 44

N1 $4 k 0 C 0 Q)
r H -4 0 0 0 0 Uo 41c )

a) 1 'u 1 U1 4J) U- riN 4 >
04-)-

w )- r. r. r. ) 0 )
H -4 -z4 0H 0 0 0 4 m Y.

.7~~ z C.4 'H

rlr. .0C)'U

4 C.1 m 0 . . U

4oJ 41 IZ V )
0N EN -kI 0 C 4

C) 4 *1 *1 H - H 0- 0- 'H r_ a) -
z. :3 0: u a) -4)U U U '

C)) U

.1 a)C C) ' 4J
E-4 44 4-44

C, 'U 00 'U) 01 'U41)0 .
0 HC) 'H C) HW 41 C.I a 1'U

44 C) 'U C) 'U u U (a a C C) ' ~ ~ '
>0 ) 0 0 0 0 f m 0' JH E) H.

Q) Cl LL. ) U 0
E- 4H 4J I0 a UHC

w u 41-r .1 0 0 '4.J C
Q ) $:c u f

4. Q) Q.) -4 ->C) C4H
a)4 41. 'U 0a 'U 0 ' 14I 0 IC) '.) qj Cc 41 0

Q) fa 0) 0o M) 0) C) 'U

F'I 1 0N 4-j >,W C
'U44 - > N

0 mC' .1
VC) ) c4.

$4 C

W 0O -4- C)~ 4- 4J )

4-j 4J 40 O N 0

0- 0C) I- 4
41ZC -j -> 4

4C) C)- -1 U):

.0 C)~ 0'

$4 a i



objective of each of these warranty concepts is to provide an economic
incentive to the contractor to achieve acceptable performance in the field.
The obligation to maintain the item under a fixed-price agreement provides
the basic warranty incentive mechanism.

A variation to each of the three basic warranty types is made if the
installed equipment is in a remote location and is operated without mainte-
nance personnel in attendance. The high reliability of some modern ground
electronic equipment may well make such remote operation and maintenance
feasible in certain applications. Cost savings can thus be realized as a
result of spares pooling and reduced manning. In this situation a mainte-
nance team is dispatched from a central location to perform the on-equipment
maintenance. The procedure is comparable to existing Mobile Depot Mainte-
nance. The extended outage of failed equipment may be accommodated by
redundant elements of the same equipment or by redundant equipment, or
functional coverage may be provided by equipment located at other sites.
In this circumstance, maintenance may be intentionally delayed from a few
hours to a few weeks depending on the frequency of failure, the amount
of redundancy, and the criticality of the system.

A more detailed explanation of the above-described warranties is pro-
vided in Chapter Three. As noted therein, these concepts may be found to
be cost-effective for many ground systems. In some cases recent trends in
the reliability of electronic equipment could reduce the opportunity for
reliability improvement. However, there may still be opportunity to
improve equipment availability through maintainability improvements or to
reduce manning requirements through effective use of contractor maintenance
coupled with warranty. In addition, guarantees of various types may be a
useful adjunct to a warranty program.

5. GUARANTEES ON GROUND EQUIPMENT

Guarantees (either as a "stand alone" contractor commitment or used
in conjunction with a warranty) normally provide a stronger incentive to
the contractor than a warranty alone. For example, under a warranty the
corrective action usually required is to repair or replace units that fail
during tne warranty period. However, with a guarantee, various forms of
remedy or compensation may be required if the guaranteed performance is not
met. Depending on the type of guarantee, these can include (1) money in
the form of contract price reduction or loss of award fee; (2) services in
the form of engineering analysis or extension of the period of performance;
or (3) material in the form of consignment spares, modification kits, or
revisions to technical orders.

xiv



The following types of guarantees, with their overall objectives, are
considered in these guidelines:

Type of Guarantee Objective

Reliability Control or reduce frequency of failure

Availability Control or reduce equipment downtime

Maintainability Control or reduce expenditure of correc-
tive and preventive maintenance resources

Cost Control or reduce the resources required
to procure and operate a system

These guarantees, either as "stand alone" requirements or coupled with
warranties, are described in Table S-4, which shows that numerous combina-
tions are possible. Comments are provided for each combination, together
with possible remedies in the event the guarantee is not met. It should
be noted that in these plans reliability is not necessarily the primary
parameter of interest as is the case in the majority of existing warranty-
guarantee applications. In the plans described in Table S-4 it is recog-
nized that recent trends in ground equipment reliability may reduce the
opportunity for reliability improvement, but other needed improvements in
maintainability and availability are also recognized. Maintenance and sup-
port costs and the operational availability of ground equipment are often
determined in large part by the maintenance concepts, sparing levels, sup-
port equipment, and technical manuals provided by the equipment manufac-
turer. Inadequacies in any of these areas can significantly increase costs
or decrease field operational availability. The warranty-guarantee plans
described herein provide a basis for assuring that maintainability, avail-
ability, and cost goals are met or, alternatively, provide appropriate
remedies in the event these goals are not met. Chapter Four of this report
addresses these remedies in more detail and indicates how a warranty and
guarantee may be used together to provide complementary incentives. Imple-
mentation requirements for each type of guarantee are also included.

6. WARRANTY-GUARANTEE APPLICATION CRITERIA

The proper development of warranty-guarantee provisions requires a

great deal of effort on the Government's part to achieve procurement,
administration, and logistics implementation. Thus the decision to include
warranty-guarantee in a procurement should not be made lightly. To assist
potential users in discriminating between warranty-guarantee alternatives
and in selecting an approach for a specific application, a number of appli-

cation criteria have Leen developed. These criteria are listed in Table
S-5 in five areas: procurement, equipment, operational, support, and
economic. The> criteria are essentially qualitative and can indicate the
general feasibility of a specific warranty-guarantee application.
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In the body of the table, each application criterion has been assigned
an "importance factor", which assesses the relative importance of each
criterion to each warranty-guarantee plan; however, each user of the table
will have to determine the relative importance or applicability of the
criteria for his intended use. These factors are interpreced as follows:

1. Major - Failure to meet stated criterion could be grounds for
rejecting the plan or, at the least, could require reassessment
of the goals or implementation methods.

2. Secondary - Failure to meet stated criterion would generally not

be grounds for rejecting the plan. However, special attention
must be given this point in developing a specific approach.
Several secondary grades for a particular approach could be cause
for rejection.

3. Minor - Failure to meet one or more of these criteria is generally
not cause for rejecting the plan. However, special consideration
should be given to these points in structuring the contract.

It should be noted that in several cases the importance factor changes
with different warranty levels or becomes nonapplical-le (N/A). For example,
warranty administration becomes more critical as the warranty changes from
depot only to depot and field, or to depot, field, and on-equipment. In
the last case, with the contractor having full responsibility, the Govern-
ment must have the ability to assure contract compliance at all three
levels, not only at the contractor's depot facility. Alternatively, under
the depot-only warranty, it is relatively important that the Government be
able to provide operational failure and usage information to the contractor.
However, under the depot, field, and on-equipment warranty this factor is
N/A since contractor representatives will be on site and will be responsi-
ble for their own failure and usage information.

The final factor listed in the table, "Economic", is perhaps the most
important. Unless sufficient maintenance activity is anticipated to justify
its use, a warranty plan will become only a maintenance contract because of
low incentives for R&M achievement. In addition, guarantee compliance will
be judged on the basi; of highly variable quantitative estimates, which may
be challenged by a contractor if he is subjected to significant cost im-
pacts. A complete analysis of warranty-guarantee potential, especially
from the economic viewpoint, cannot be made until price and implementation
proposals are received from the bidding contractors. The criteria listed
in Table S-5 must therefore be viewed as an initial means of screening to
select those procurements for which the effort in developing warranty-
guarantee clauses is believed to be worthwhile. The source-selection
activity, coupled with an economic analysis, must be used for the final
screening and decision on whether to implement warranty-guarantee provi-
sions as part of the system acquisition.
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7. ECONOMIC ANALYSIS

A key element in the decision to use a warranty-guarantee is an
analysis of the cost of this approach in comparison with the cost of
organic maintenance. An economic model was developed for use in evalua-
ting the expected life-cycle cost (LCC) of the two alternatives. Appendix
A is a detailed description of the model.

The model is applied to evaluate the life-cycle cost of the warranty
approach against that of organic support. It incrementally analyzes these
costs for various warranty periods and, in conjunction with varying the
data inputs to reflect alternative conditions, can aid in developing an
effective warranty procurement. If an MTBF guarantee is applied, the model
will alsc compute the quantity of consignment spares due, if any, and the
resulting LCC savings. Chapter Six, which contains a complete discussion
of economic analysis, also identifies methods for estimating guarantee
costs and the value of a guarantee to the Air Force.

8. WARRANTY-GUARANTEE PROVISIONS

A key ingredient in any successful warranty-guarantee program is the
contract section that contains the warranty-guarantee provisions. The
provisions typically include the following three major parts:

Part I - Statement of Contractor Warranty-Guarantee

Part II - Contractor Obligations

Part III- Government Obligations

When a warranty-guarantee includes contractor maintenance at other
than the depot level only, it may be necessary to prepare a separate state-
ment of work (SOW) to describe the services to be performed. For example,
at an operational site a contractor could provide warranty maintenance on
equipment he had delivered; and on other Government-furnished equipment at
the site, he could provide maintenance under a services contract. In these
circumstances a separate SOW may be required. Guidelines for structuring
warranty-guarantee provisions are presented in Chapter Seven. Appendix D
provides specific language that may be used to construct provisions, and
Appendix E contains an outline for an accompanying SOW in the event it is
required.

9. WARRANTY-GUARANTEE ADMINISTRATION

The success of a warranty-guarantee procurement will depend in part
on proper Government management. Table S-6 lists some of the major activi-
ties that should be accomplished for successful implementation of warranty-
guarantee plans. Experience has shown that a critical factor is early
coordination between the procuring organization, the Air Logistics Center
within AFLC that will be managing the equipment after it is deployed, the
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Table S-6. MAJOR ACTIVITIES FOR IMPLEMENTING

WARRANTY-GUARANTEE PROVISIONS

" Review contract provisions

* Verify using organizations and equipment deployment

" Review and update installation schedule

" Identify and monitor Air Force test and evaluation

procedures

" Identify allowable Air Force maintenance actions

" Document failure-verification procedures

" Indoctrinate and train personnel

" Review contractor data plan

DCAS organization that will be responsible for contract administration at

the contractor's facility, and the using command(s). Experience gained by

these organizations in implementing warranties over the past four to five

years should pave the way for successful implementation of the plans intro-

duced herein.

10. CONCLUSIONS

The following principal conclusions have been reached on the basis of
the guidelines presented herein:

" As compared with avionics equipments, which constitute the bulk of

warranty experience to date, ground electronic equipments are very

diverse in terms of equipment types and operational and maintenance

scenarios.

" Diversity in ground electronic equipments requires that special con-

sideration be given to many factors that have an impact on warranty

planning and evaluation.

" In some cases recent trends in the reliability of ground equipment

may reduce the opportunity for reliability improvement, but there

may be opportunity to improve operational availability and to
reduce maintenance and support costs.

" Several alternative warranty-guarantee plans are possible in the

ground electronic equipment area: analysis is required to determine

the most suitable, and the plans must be tailored to meet the

special circumstances of individual procurements.

" Special circumstances (e.g., small quantities) often present in

ground equipment procurements indicate that economic analysis is

one of the most significant evaluation criteria. The economic
model developed herein provides a key tool for this analysis.
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11. RECOMMENDATIONS

While this study identified a number of unusual characteristics of
ground electronic equipments, it also provided a range cf possible warranity-
guarantee plans which, depending on specific circumstances, can be effec-
tively applied. The following recommendations are provided regarding the

use of these guidelines:

" Adequate procurement lead time must be scheduled to permit
warranty-guarantee planning and analysis.

" Warranty-guarantee provisions should be tailored to specific pro-
curements and to the objectives of the warranty-guarantee

application.

" Since several of the plans developed herein are as yet untried in
actual procurements, they should be exercised with care.

" The final decision to use any form of warranty-guarantee for the
acquisition of ground electronic systems should be based on an
economic analysis during the evaluation of contractor proposals.

; i
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CHAPTER ONE

INTRODUCTION

1.1 PURPOSE

The guidelines presented herein were developed to provide Air Force
program managers information concerning the selection and application of
various warranty-guarantee plans to electronic equipment in the fixed ground
environment. For selected applications warranties are considered to have
the potential for providing an effective means of controlling life-cycle
costs and increasing system reliability. However, it should not be assumed
that warranties will be effective in every situation. More important, it
should not be assumed that warranty-guarantee plans previously developed
for other types of equipment (e.g., avionics) are readily transferable and
applicable to electronic equipment in the fixed ground environment. It
is the purpose of this guide to assist ground electronic equipment program
managers in identifying situations in which warranty-guarantee plans can
be effectively applied and in structuring and implementing such plans.

Although further distinction between warranty and guarantee plans will
be made in subsequent chapters of this report, the following definitions
are initially provided:

" Warranty - a contractual obligation that provides incentives for
the contractor to satisfy system field operational objectives of
the user. The contractor is given an incentive, through a fixed-
price commitment, to repair or replace equipment found to be de-
fective during the period of warranty coverage.

" Guarantee - a commitment embodying contractual incentives, both
positive and negative, for the achievement of specified field
operational goals.

1.2 BACKGROUND

Various types of warranty-guarantee plans are currently being used
within the Department of Defense as a means of improving equipment reli-
ability and reducing support costs. The majority of these plans were based
on guidelines provided in RADC TR 76-32, "Guidelines for Application of
Warranties to Air Force Electronic Systems." The guidelines presented
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in that report are based primarily on the characteristics of avionics
equipment and on the environment in which avionics equipment is operated
and maintained. Avionics equipment normally consists of small transportable
units produced in large production quantities. The circumstances under
which they are operated and maintained are essentially the same for all
equipment types. Contrasted to the homogeneity of avionics equipment is
the diversity found in the ground electronics area. Basic differences in-
clude maintenance and design concepts, equipment transportability, deploy-
ment quantities, and reliability and maintainability characteristics.

Although agreement on the effectiveness of warranty-guarantee plans is
not universal within DoD, the continued and expanding use of such plans
indicates an acceptance of their potential for improving reliability and
reducing support costs. The plans also have the same potential for applica-
tion to ground electronic equipment. However, the basic differences between
the characteristics and environment of ground electronic equipment and those
on which existing warranty-guarantee plans were based make it necessary to
develop new or revised warranty-guarantee approaches.

1.3 TECHNICAL APPROACH AND DOCUMENT SCOPE

The technical approach to completing these guidelines is illustrated
in Figure 1-1. The tasks indicated are those set forth in the statement
of work under Contract F30602-77-C-0217. Equipments to be used as study
vehicles were identified and baseline data were collected through visits
and discussions with representa-ives of ground electronic equipment develop-
ment, operation, and support organizations. The ground electronic equip-
ment environment defined by these activities is described in Chapter Two
of this report. Commercial warranty practices associated with ground
electronic equipment were surveyed through visits to several different
commercial concerns. The results of this survey are also discussed in
Chapter Two.

Before formulating warranty-guarantee concepts, we reviewed existing
warranty-guarantee plans and lessons learned from current warranty programs.
Where practical, the warranty-guarantee plans presented herein were adapted
from existing concepts. In some areas it was necessary to develop new
concepts and plans. Chapters Three and Four are discussions of the warranty-
guarantee plans required to meet the special circumstances of ground elec-
tronic equipment. Criteria for applying these plans were then developed,
as described in Chapter Five.

Chapter Six addresses the economics of the plans developed and provides
information on the life-cycle-cost model. Typical warranty-guarantee pro-
visions for the plans are described in Chapter Seven, and administrative
and data requirements in Chapter Eight. Chapter Nine demonstrates how the
approaches presented would be applied to a sample equipment being procured.
Chapter Ten provides conclusions and recommendations regarding use of these
guidelines.
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A series of supporting appendixes is also presented:

A -%Mathematical Model and Computer Program for Organic versus

Warranty LCC Analysis

B - MTBF Growth Model

C - Spares Subroutine

D - Provisions for Warranty and MTBF Guarantee Plans

E - Statement of Work (SOW) Outline For Use with Warranty/Guarantee

F - Data Item Description - Reliability Improvement Warranty (RIW)
Data Reporting and Summary Reports

G - Data Item Description - Reporting Materiel Transactions Contractor
Storage/Distribution Point
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CHAPTER TWO

EXISTING WARRANTY PLANS AND
THE GROUND ELECTRONIC ENVIRONMENT

This chapter consists primarily of background information. It first
provides an overview of existing warranty plans and then describes the
ground electronic equipment environment. Several important ground equip-
ment factors that could have an impact on warranty considerations are
cited.

2. 1 COMMERCIAL WARRANTIES

To determine whether the commercial sector was using any warranty-
guarantee concepts that might be applicable to this study, discussions were
held with several different companies. Table 2-1 lists the types of equip-
ments that these companies either bought or sold and the primary warranty-
related discussions pertaining to the equipment. As noted in the table,
a wide variety of equipments and warranty-related subjects were included.
The overall conclusion of these discussions was that there was little in the
warranty-guarantee concepts of the commercial sector that would be applicable
to Air Force ground electronic equipment. Both buyers and sellers in the
commercial sector considered warranty as a marketing tool: the buyers took
advantage of a standard commercial warranty when it was available, and the
sellers offered warranties to meet competition or gain a competitive advantage.
There were no formal warranty-guarantee plans comparable to those discussed
in the following sections.

2.2 MILITARY WARRANTIES

2.2.1 Background

Although the use of warranties in military procurements is not new,
until the mid 1970s the warranties applied were the traditional correction-
of-deficiency (COD) or latent-defect clauses. In addition, the warranties
were usually of short duration (90 days to 1 year) with respect to the life
of the equipment (5 to 20 years). In the early and mid-1970s, under RADC
sponsorship, warrant7 agreements between commercial airlines and their

equipment suppliwrs were studied. The objective of the study was to deter-
mine whether ISuch arranty arrangements could be applied in the Air Force
acqutsition 1 rocess. A product of this study was the previously mentioned
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Table 2-1. SURVEY OF COMMERCIAL WARRANTY-
GUARANTEE PRACTICES

Equipment Primary Subjects Discussed

Control unit for Communications Warianty-guarantee coupled with con-
Addressing and Reporting System tractor maintenance, warranty-guarantee
Computer-controlled switching cost, and warranty transferability
system

'Microwave transmission equipment Commercial warranties, warranty

negotiation, and warranty pricing

Low-noise amplifiers;' cryogenic Commercial acquisition techniques,
compressors; and various items of including use of warranty-guarantee,
digital communications equipment, warranty administration, maintenance
including shipboard -ommunications technician proficiency
terminals

CRTs, power supplies, and various Trends in commercial warranty
commercial Lonsumer products practices

Conveyor systems Commercial warranty terms and price

Computer-directed control systems Commercial warranty terms and as-
sistance in fault isolation during
warranty

Antennas and servomechanisms, am- Commercial acquisition techniques,
plifiers, transmit and receive the impact of warranty on provision-
ground communications equipment, ing, failure analysis and in-house
and diesel and uninterriptable repair of warranted equipment
power supplies

Shipboard navigation equipment Warranty in relation to marketing
commercial equipment, warranty
cost, and support continuity guar-
antees

Air compressors and self-propelled Commercial warranty terms and
w-rk platforms conditions
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RADC TR 76-32, which contained guidelines for applying warranties to Air
Force electronic systems. The guidelines addressed three basic types of

warranty plans: Reliability Improvement Warranty (RIW), MTBF Guarantee,

and Logistic Support Cost (LSC) Guarantee. The following sections briefly

address each of these plans. It is emphasized that the plans were fully

developed in the previous guidelines and not developed again herein.

2.2.2 Reliability-Improvement Warranty (RIW)

An RIW plan commits the contractor to perform stipulated depot-type

repair services for a fixed operating time, calendar time, or both, at a

fixed price. While the major expenditures of an RIW procurement are for

the repair services involved, the prime thrust of the approach is to
achieve acceptable reliability. The question of whether the contractor

can provide depot repair services at a cost lower than that of military

repair is secondary to the objective of reliability achievement and re-
duced support cost.

Reliability-improvement warranties are negotiated in association with

the production contract and apply to the operational use of the production
items. Because of the long-term commitment being made by the contractor,
warranty service is recognized as a separate cost item that the prospective
contractors are asked to quote as a separate line-item option. This

at-proach provides the Government the opportunity to evaluate the economics
of the warranty versus nonwarranty procurement, with consideration given

to the reliability and maintainability differences between the two alter-

natives. Warranty funds have be-n obtained from both production and
operation/maintenance sources. If operation/maintenance funds are to be

used, incremental funding for long-term warranty is necessary since this
fund category can be committed on an annual basis only.

If the RIW is applied, it is necessary to establish an agreement

setting forth the terms and conditions for the warranty. A typical agree-
ment should include:

" Statement of Contractor Warranty. This section contains the basic

agreement, requirements for corrective action, exclusions and

limitations, extent of warranty coverage, requirements for main-
tenance facilities, and cost-related information.

" Contractor Obligations. This section includes collateral contractor
obligations regarding ECPs, warranty marking and seals, repair turn-

around tile and penalties, and data requirements.

" Government Obligations. This section provides details on adminis-

tration, timely approval of ECFsi, and provision cf data to the

eqli-munt manufacturer.

2. 2. .TBF Qiuarant-

Th MTLF guarantee requires; the contractor to guarantee that a stated
%r2BF will be achieved bv the e4uipment in the operatinG environmcnt. If

2-3
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the guaranteed level is not met, the contractor is typically required to
institute corrective action and to provide consignment spares until the
MTBF improves.

The MTBF guarantee is normally procured in association with an RIW.
An RIW plan provides incentive for MTBF achievement through the contractor
maintenance support commitment. The MTBF guarantee provides an even
stronger incentive because the contractor is obligated to provide consign-
ment spares to relieve pipeline shortages that may result from low MTBF.

The MTBF plan also includes requirements for improving the MTBF to stated
values. The RIW and MTBF plans are considered totally compatible.

Because of possible problems in determining the relevancy of failures,
the MTBF plan is considered feasible only where the contractor either per-
forms the maintenance (RIW or contract maintenance) or can monitor the

maintenance process. Such restriction is also necessary for assuring that
the contractor has an opportunity to develop effective corrective actions.

The MTBF provisions cover the following topics:

BA_'-ic Guarantee. A schedule of MTBFs required to be met by the
equipment in the field for specified periods is established.

MTBF Definition. Countable failures are defined, and the time
base for computing MTBF is stated.

" Compliance Determination. Frequency of MTBF measurement is
specified, together with a formula for computing consignment-
spares requirements in the event the unit does not meet MTBF re-
qui rements.

" Contractor Corrective Action Requirements. The additional action
to be taken by the contractor to achieve the required MTBF levels
is stated.

SConsignment-Spares Administration. Provisions are outlined for
s: ares obligation, delivery, Government return, and ownership
conversion.

" Data Requirements. Data to be developed by the contractor in
support of the MTBF guarantee are specified.

In recognition of the added risk the contractor takes in offering this
guarantee, the contractor will include his price for this protection in hs
bii, p:erhajs as a separate line item, if so directed by the Government.

h rrocuring agenc', must then determine if the protection provided is
cost-effective in relation to the contractor's price.

2.2.4 Logistic Surc ort Tost Comr itmnt

Lsc of t:,,- logist i suv[ort cost (LS') commitment is another means o
cjntrollini an eguimentsooratinrial effectiveness. Under this plan the
contractor makes a contractal commitment regarding the cost to support the
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equipment in the field. Individual parameters such as MTBF, MTTR, etc.,
are estimated and quantified through an LSC model. A controlled operational
field test is subsequently performed to acquire data for the key variables
in the LSC model. The measured LSC parameter is then compared with the
contractually specified or target value.

There is considerable variation among LSC commitment plans regarding
the action taken as the result of the operational test. Most plans, in the
event of achieving a lower measured LSC, prnvide for award fee predicated
on the amount by which the cost goal is underrun. In the event of an over-
run, the plans provide for reducing or eliminating the award fee. In

addition, some recent plans have required the contractor to take corrective"
action to achieve the stated goals or be penalized monetarily. In recogni-
tion of the risk inherent in this concept, the contractor bids a fixed price
for undertaking a commitment where corrective action may be required. These
types of plans are considered to fall under, or are an adjunct to, correction-
of-deficiencies (COD) clauses. In the event the cost of correcting defi-
ciencies exceeds the contractor's bid amount, provision may be made for
Government and contractor cost sharing of the overrun up to some specified
ceiling. Costs beyond the ceiling must be borne solely by the contractor.

2.3 THE GROUND ELECTRONIC ENVIRONMENT

2.3.1 Differences in Avionics and Ground Equipment Environments

Section 2.2 summarized existing warranty-guarantee plans that have been
used in DoD acquisitions. Since they were formulated and applied primarily
for avionics equipments, it is important now to consider the ground equip-
ment area and its environment in relation to avionics. To permit a review of
the ground equipment environment, several items of equipment were identified
as study vehicles. These equipments and some of their major characteristics
are listed in Table 2-2. This chapter's discussion of ground equipment
factors and their impact on warranty application is based in part on our
review of these equipments.

The most obvious difference between the ground and avionics environ-
ments is the diversity of ground electronic equipment. For example, a
major Air Force Air Logistics Center managing ground electronic equipment
is responsible for more than 2)000 different end items. These items differ
considerably in complexity, quantities deployed, and support concept.
Such diversity makes it difficult to generalize; however, Table 2-3 provides
an overall comparison of several factors for the two different environments
and shows their impact on warranty application. The following subsections
address several aspects of the around equipment environment that will have
an impact on warrant.' considerations.
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2.3.2 Procurement Factors

2.3.2.1 Procurement Responsibility

In the avionics area, procurement responsibility is relatively cen-
tralized within the Air Force Systems Command (AFSC) at the Aeronautical
Systems Division (ASD) and the Electronics Systems Division (ESD). On
occasion the Air Force Logistics Command will procure newly developed avionics

equipment, but not as frequently as AFSC. However, this centralization
does not apply to ground electronic equipment. Not only do AFSC and AFLC
make a large number of purchases; such activity is commonplace in individual
operating commands, e.g., TAC, ADCOM, and AFCS. The result is that any

guidelines developed will be employed by a larger number of procurement
organizations and possibly subjected to different interpretations. Although

uniformity, in terms of a "cook book" approach, is not essential, consistency
and standardization of contractual terms and conditions are desirable. It
is important to tailor warranty terms and conditions to a specific applica-

tion; in the ground area, the number of specific applications is extremely
large. Contractors understandably view any warranty-guarantee program as

one that increases their risk. When they are dealing with a large numbz er of
different procurement activities and varied warranty approaches, the' may

view the ground area as an even greater risk.

2.3.2.2 Procurement Method in Relation to Development Required

While there are some examples of basically commercial ucur, hases of
avionics equipment (Air Force Carousel INS or ARMY VOR'LS) , the masorit

of avionics procurements proceed through competitive levelorment and test

programs before a production contract is awarded. During the validation
or engineering development programs, contractors have the oprortunitv to
influence the design in such a way that field operational reliability and
maintainabilit-Y are enhanced. Ideally, under the execturion of warranty-
guarantee provisions in the contract, the manufacturers will do just that.

As opposed to the typical avionics development proerams, ground electronic
equipment procuremenrs normally fall into one of three catecories:

1. One or more manufacturers are already bnroducina equipment that
meets all or most of the requirements. The equipment i basically
available off the shelf (OTS).

2. While equipment to 'reet the requirement is not beino produced,
the technology a omponents needed to produce the equipiment are
readily a'ailable to s',veral m-anufacturers. Some engineering/
developmerit and pr,-duction start-uLp is reuired.

?. "Jeith r x>ii ,4 ui : ment nor technolo<cy and comronnts to desi n

an t . , , c., <h.. vmnt are readi 1' avai lable; a oveloi Mont
a l .:-r-m neparablo to tv ical avioni:: rr)crams

Er. th " tiw;-step UcI irome nt will often o used since
n v.: ru I. In the first ease, t:ie manufacturo:s
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may be requested to submit bid samples for testing. Those providing equip-

ment that meets or exceeds the requirements are then invited to submit
cost proposals. In the second case, bidders will be asked to submit tech-

nical proposals rather than bid samples. After the technical evaluation
is completed, those bidders with technically acceptable proposals will

be requested to submit cost proposals. The third case is comparable to
the second except that before starting production, some degrec of devlop-
ment is required.

The existing warranty concepts correctly indicate that the earlier the
decision is made to consider warranty the greater the potential for maximum

benefits. However, the two-step procurement method, which is used for many
ground equipment acquisitions, provides minimum notification of intent to

use warranty. In the first case, the bidders are already "locked in" to

the reliability and maintainability built into their existing equipment.

In the second case, while they have latitude in design, component selection,

and system integration, the same opportunities for R&M design are not avail-
able a- *n the third case, which is comparable to the ty'pical avionics

developmnent program. The ground equipment area thus offers more opportunity
for purchasing OTS equipment and for using the two-step procurement method;

however, it should be recognized that the same incentive mechanisms will

not be present. As opposed to incorporating improveme:.ts in additional
production units, it mac be necessary for the manufacturer to retrofit
improvements in items already.' delivered.

Another aspect cf the two-step procurcment method in relation to
warranty considratimos is t., time required to complete the ;-rocurement.
One of the advantages of tne two-step method is that time is usually saved
in deploying the equipment. However, a well structured warranty plan re-
quires time to prep-are. Thus, the program manager should recongize that
warranty and the two-step procurement method may have opposite effects on
the time required to complete the procurement. However, in the ground
equipment area, as in the avionics area, adequate warranty planning time
is considered a necessary condition for a successful warranty program and
should not preclude using a warranty in conjunction with two-step procure-
ments.

2.3.2.3 Procurement Quantity

Avionics procurement quantities vary from a number required to equip
one type or series aircraft to an across-the-total-fleet numbr. The
number typically/ varies from several hundred to several thousand. [In
the case of the AN-1l8(V) TACAN, it was almost I0,000. While there are
cases in the ground electronic area where thie quantities procured are
relatively large, in many cacs only small quantities are involved. If
this results in a rel: i'.cci small :o:tralt dollar amount, the number of
comrpetitor willin I'.' bid will :ften be reduce,3. The smll juantit'v, also
results in;:;'-,t crcducti : rur, and ,oi,1ortunity to spread fixd
costs. The entlre !.roductiun run mig-t be c-ompleted before the manufacturer
rCeceiv'- sufficient _a]rati ,a] usaqe data to learn of desi:n or asscmbly

2-9

S-- -- -~!



problems. Under the RIW concept there would be little or no opportunity
to incorpzate design or assembly changes in the remaining production
items. However, for small quantities of giound equipment already delivered
ana in the inventory, it may be feasible to consider requirements for
retrofitting the units to incorporate changes.

2.3.3 Equipment Factors

2.3.3.1 Equipment Maturity

Warranty is not usually applied to items that require extensive or
revolutionary development, because of the inherent risk. Neither are
mature designs considered likely candidates, because of the lack of poten-
tial for reliability improvement. While both of these extremes are en-
countered in the ground electronic area, the most likely situation is

extremely high MTBFs in relation to the avionics area. For many ground
equipments the expected failures are stated in terms of one or two per
year. Under these circumstances many ground equipment items may not be
likely candidates for reliability-improvement warranty. However, while
the procuring activity may not foresee the possibility of reliability im-
provement, it may want contractual assurance that the stated reliability
will be met. Under these circumstances a reliability assurance or some
form of guarantee may be more appropriate for many items of ground electronic
equipment. This aspect will be considered in more detail in subsequent
sections of this report.

2.3.3.2 Varied Maintenance Concepts

Nowhere is the difference between avionics equipment and ground equip-
ment more evident than in maintenance concepts employed. In general,
avionics maintenance is relatively homogeneous, while in the ground environ-
ment it is extremely varied. For example, on some ground equipment all
on-site maintenance is performed by contractor personnel and re:laced
assemblies/subassemblies are repaired contractually either on-site or at
the contractor's facility. Some of these situations may lend themselves
ouite readily to warrant-,,; others may not. For example, some sites will
have a combination of Air Force and contractor maintenance technicians,
and removed assemblies/sabassemblies will be repaired at the organization,
intermediate, or Government depot. Still other sites use Air Force main-
tenance technicians exclusivel/, and all failed assemblies are repaired at
a Government depot. There are also Programmel1 Depot Maintenance (PDM)
accomplished on a scheduled basis by Government or contractor personnel,
and mergc:cy Maintenance Teams available for on-call situations. For
,yn'., warranty; on ground electronic ecuiment, t,is broad rancge of possible
maintenance :.oncepts must be cons.ide'r d.

2. I. 3. 3 'inc':t. j,: ccci :d aintenance

Unar -iz,_d mai.ntenanc- ma bee a -oblem in the ground equipment
-,4v rnment, par'. :i -I-irly t remote t '.. i71 the avionics area an air-

c i.t -L n norn I I - be br,)u :ht ba:k intc- , i.;:; on by cannibali zinq an
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LRU from another out-of-commission aircraft. When the proper authorization
is obtained, this is a completely acceptable procedure. However, in the
ground environment there are seldom additional unused equipments available
to permit cannibalization. If the needed spare part, subassembly, or
assembly is not available, maintenance technicians will frequently attempt
repair, knowing that repair is not officially authorized. The only alter-
native is to keep the equipment out of commission (often for extended
periods) until a spare is obtained. Under these circumstances they feel
that they have little to lose by attempting to repair the failed unit.

In existing warranty plans labels are usually applied to the equipment
to indicate warranty coverage and seals are installed to preclude unautho-

rized maintenance. The warranty provisions normally provide that in the
event of seal breakage, repair of the unit will not be covered under the
warranty. For this reason, it is expected that the percent of returned
units excluded from warranty repair because of seal breakage will probably
be higher for ground equipment than for avionics, particularly at remote
sites. As a result, this aspect deserves additional emphasis in planning
and structuring warranty provisions on grou-nd equipment and in training
maintenance personnel.

2.3.3.4 Preventive Maintenance Inspections (PMIs)

In addition to the circumstances that could result in unauthorized
maintenance, preventive maintenance inspections commonly conducted on
ground equipment could further add to warranty exclusions. Studies have
indicated that many items of ground electronic equipment have entirely too
many PMIs. It is not unusual to see essentially solid-state devices being
inspected at intervals of 1, 7, 14, 28, and 91 days. During these inspec-
tions, unnecessary adjustments are often made merely because the technician
is there. There is, in effect, more opportunity for tampering and induced
failures. In addition, during these PMIs, when spare LRUs are available,
they are often exchanged with operating LRUs to verify/ that the spares
are operational. Thus, for ground equipment under warranty, it may be
necessary for manufacturers to evaluate more carefully the extent of or
need for PMIs that they now recommend. In addition, procedures for per-
forming PMIs so as not to void the warranty must be clearly stated.

2.3.3.5 Unnecessary Maintenance

Althoigh unnecessary maintenance was mentioned in the preceding sub-

section, another aspect of such maintenance in the ground environment is
worthy of note. Again, it is best explained by a comparison with aircraft
avionics maintenance. Aircraft are normally under the control of maintenance,
with periodic operations scheduled; however, many items of ground electronic
e2uipment are normally in the hands of the operator, with periodic main-
tenance scheduled. In addition, the nature of certain cround euipment
operations neessitates the presence of a maintenance technician. As a
result, there -ire man- Joint ocerator/maintenance activities that, for
inrtan; , ma' be te adjust a presentation to the particular taste of an
o[,erator. Ni ilo such "tweaking is Jesi rable from the opecator viewpoint,
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this may also result in an induced failure that would not be covered under
warranty.

This subsection and the two previous ones have addressed maintenance
aspects of ground electronic equipment that could have an impact a warranty.
The presence of seals and warranty labels on the equipment lessens the
opportunity to take actions that could result in warranty exclusions.
However, it is expected that for ground equipment additional emphasis will
be needed to have the manufacturer clearly state those maintenance actions
which may be taken without voiding the warranty.

2.3.3.6 Reliability, Maintainability, and Availability Improvement

Ground electronic equipment in the inventory today ranges from 25-
year-old type equipment to the most modern'solid-state technologies. Of
the newer items it is not unusual to encounter equipment for which reli-
ability is quoted not as a mean time between failures in operating hours
but as a certain number of failures per year. Therefore, for some new
equipment acquisitions, it may be unrealistic to expect much improvement
in reliability. However, even in cases where there is little potential for
reliability growth, there may be potential for improving maintainability
or availability. In some ground equipment applications maintainability,
in terms of maximum downtime, may be more important than the actual number
of times the equipment is down. For example, from an operational stand-
point, in a long-range air defense radar, it may be more advantageous for
the equipment to be down five times per day, with the maximum duration of
any downtime not exceeding 5 minutes, than to be down only once per day for
a 20-minute period. On the other hand, in training applications, it may
be more important that the equipment be operationally available without
any failures during an eight-hour training period. Because of the diversity
in operational missions of ground equipment, a warranty or guarantee on
maintainability or availability may be more productive than one on reli-
ability. The concepts introduced in Chapters Three and Four will address
these alternatives in more detail.

2.3.3.7 Redundancy

Many items of ground electronics equipment -- for example, those at
a radar or communications site -- have back-up or redundant equipment on
.tandby. Redundancy is also commonly used on ground landing and navigation
systems, where safety is essential. This lessens the impact of failure of
the primary equipment and also allows more time to repair the item while
still pe;irmitting achievement of availability goals. Redundancy may also
1o-rmit lower level, of manning. For example, with a redundant system
mairitenice irsonnel can com:o>lte onjoing maintenance actions and need not
he immeiately inerru d because of a failure. Redundancy should also
h J', a ti)1ir 1. ir! a t ,n wrrantv by reducing the need for unauthorized
maint~ng.a" '*.
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2.3.3.8 Equipment Transportability

For some items of ground equipment, transportability represents one
of the biggest differences from avionics equipment. For example, the
electronics unit of the FYQ-47 Transmitting Set (part of a long-range
radar site) weighs more than 450 pounds, while the heaviest component in
the avionics area usually weighs less than 50 pounds. Therefore, many
end items of ground electronic equipment cannot be readily transported
back to the manufacturer for repair under warranty. As a result, warranty
may have to be applied at lower levels, such as assemblies or subassemblies,
which are transportable. Alternatively, the warranty may require the con-
tractor to perform warranty repairs by traveling to the equipment site.

2.3.4 Operation Factors

2.3.4.1 Operating Time/Usage

Warranty contracts, particularly those with an MTBF guarantee, normally
require a method to measure the equipment operating time. For avionics the
method used may be aircraft flying time converted to operating time through
use of an appropriate k factor, or the installation of an elapsed-time
indicator (ETI) on the warranted unit. For ground electronic equipment,
with some exceptions, operating time is not normally logged. The usual
practice, depending on the objective of the computation, is to assume 24
hours per day 30 days per month as equipment operating time. Warranty on
ground electronic equipment may thus require more precise operating-time
measurements than those currently computed. However, because the equipment
is fixed geographically, in contrast to the mobility of avionics equipment,
operating-time logs could be easily maintained; or, as with avionics equip-
ment, an ETI could be installed. The ground equipment program manager
considering warranty must recognize the need for new approaches to operating-
time measurements. This aspect is discussed in more detail in Chapter
Eight.

2.3.4.2 Deployment Quantity and Maintenance Proficiency

Many ground equipment items are deployed in very small quantities.
For example, there may be one to 10 of an item at a base or site. A major
result is that maintenance technicians tend to lose proficiency, especially
if there are only one or two of the item and they demonstrate reliability
such that there are only one or two failures per year. A technician may
arrive at a site from a training school very proficient in fault-isolation
and repair procedures, only to lose this proficiency as a result of little
actual "hands on" experience. Thus, when a failure does occur, the time
to fault-isolate and repair may be considerably greater than that demon-
strated in a maintainability test, during which technician proficiency
is high. Therefore, an. warranty analysis, especially one involving main-
tainability or avalability of the equipment, must consider not only the
inherent maintainability or availability of the equipment but also the
deployment quantitis at different locations and the ability of tecinicians
to maintain ,rofici,!nc'. in their individual operating environments.
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2.3.4.3 Deployment Location

Many items of ground electronic equipment are deployed at Air Force
Bases and receive basically the same logistics support as avionics equip-
ment. In these cases, Base Supply, which stocks spares, is usually located
close by; and other needed facilities, such as the Reparable Asset Control
Center (RACC), support both ground and avionics equipment. A centralized

processing facility at a base aids considerably in implementing any special
reparable processing procedures required under warranty. For example, the
RACC can verify that failure-circumstance documentation accompanies the
equipment back to the manufacturer for repair. If the documentation is
not completed, RACC personnel can readily obtain it from the maintenance
activity collocated on the base.

In contrast to the base environment, many other items of ground equip-
ment are deployed at a remote location or, particularly in TAC, may be
mobile equipment not permanently fixed at a single location. In these
situations, maintenance and supply procedures are considerably different.
For example, at some remote sites within the CONUS, weekly "runs" may be
made to the closest Air Force Base, where reparable items are turned in to
base supply and replacement items are obtained. At other sites, usually
remote outside the CONUS, air transportation is the only means of supply.
Resupply times are scheduled and emergency supplies are provided on an on-
call basis. Maintenance support beyond that locally available at the site
is also on an as-needed basis. Where the equipment is deployed at remote
sites, implementation of any special reparable processing procedures under
warranty would be more difficult. In the structuring of warranty provisions
for ground equipment, the potential impact of the deployment locations will
require careful consideration.

2.3.4.4 Failure Definition

Warranty terms and conditions usually contain a definition of what
constitutes a failure for warranty purposes. A definition is needed to
establish contractor responsibility for warranty repairs or to relieve the
contractor of responsibility for units excluded from warranty coverage
because of accidental damage or "retest O.K." (RTOK) situations -- e.g.,
one in which a good unit is returned for repairs which are not needed.

For many items of communications and radar, failure definition in the
ground environment is not as clear-cut as in avionics. For example, a
multi-channel ground radio may continue to be operated under degraded
conditions or when only one channel has failed, or a ground intercept-radar
may be classified as "down" or failed on the basis of a target aircraft's
having tested the system. An IFF or ground radar will often operate at
decreased rance or reduc,1 target conspicuousness but actually be continued
in commiss ion. T2~ese conditions are more likely to occur at remote sites.
As a result of t *s ground equipment circumstances, failure definition
for warrant- purjoses ma'v be more difficilt. In addition, failure-verification
rrocedures to be accomb ih d before units are returned should receive in-
creased emr hasis.
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2.4 SUMMARY

This chapter has provided an overview of existing warranty-guarantee
plans and a description of several factors in the ground electronic equip-
ment area that merit special consideration for warranty planning. On the
basis of this background, Chapter Three provides several alternative
approaches for warranty of ground systems.

AJ
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CHAPTER THREE

WARRANTY CONCEPTS

Wa anty concepts are concerned with the contractual commitments that
a supplirr makes to repair or replace an item in the event of its failure.
The warranty is a fixed-price agreement in which the supplier, for a stated
amount, agrees to repair or replace all contractually covered failures that
occur during the warranty period. Periods of coverage are typically for
three to five years, as contrasted with the "standard" warranties, which
basically cover only initial defects for a period of one year or less. The
standard warranty approach is to return the failed item to the manufacturer
for repair or replacement at his option. The standard procedure of return-
ing an item for repair or replacement may not apply to ground systems,
because of their size, remote location, or design characteristics. For
example, the items. may not be transportable, or they may be so heavy that
the transportation costs are prohibitive. This chapter reviews several
alternative approaches that may be considered for ground system warranties.

3.1 TRADITIONAL MAINTENANCE LEVELS

To place the several warranty concepts in perspective, it is useful
to review the traditional maintenance levels employed for Air Force ground
electronic equipment. Although the scope of maintenance performed can
vary widely within each of these levels, the levels can be described cen-
erally as (1) on-equipment, (2) off-equipment, and (3) depot.

3.1.1 On-Equioment

On-equipsment maintenance is performed at the installed equipment's
location to verify that the equipment has failed and to identify and replace
the failed unit. Typically, fault isolation and replacement are performed
at high equipment levels (e.g., assembly or subassembly) to permit rapid
restoration of the equipment. On-equirment maintenance is also referred to
as organizational level maintenance because it is normally the resionsibility
of and :erformed by the usinq organization.

3.1.2 Dff-Eau reant

Cff-cquiiment raintenanco is normally p erformed at a field rk,!.air she!
n,,ir the insPtl l etuvment . oth fixed and mobile r-vair sho[ s are used.
The _j is to fault-iselate major assemblies or subas4,omblios to thc
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module or component level. For example, on-equipment maintenance, as noted
above, may result in equipment restoration by replacement of a failed assem-
bly. Off-equipment maintenance would then fault-isolate and replace a
failed subassembly, module, or component. Repairs requiring extensive test
equipment or specialized training would not normally be accomplished at
this level. Off-equipment maintenance is often referred to as intermediate-
level maintenance. It is normally the responsibility of and is performed by
designated maintenance activities in direct support of using organizations.

3.1.3 Depot

Maintenance at the depot level entails complex repairs or extensive
overhaul of the equipment. It requires more extensive shop facilities and
equipment, and personnel of greater technical skill than other levels of
maintenance. Typically, only one or two depot locations are established to
support a specific system. Depot maintenance is normally accomplished at
fixed repair shops when the equipment is returned to the repair facility.
However, for some items of ground equipment maintenance teams are dispatched
to the equipment site. This latter case is referred to as mobile depot
maintenance.

3.1.4 Overview of Basic Warranty Types

A review of the maintenance levels described in the preceding para-
3raphs suggests that three basic types of warranty could be developed for
ground systems, depending on who is responsible for maintenance at the
three different levels:

1. Depot Warranty

2. Depot and Field Support Warranty

3. Depot, Field Support, and On-Equipment Warranty

The characteristics of these warranty conceplts are shown in Table 3-1. Sub-
sequent sections will address them in greater detail; how_-:ver, for comparative
purposes a short explanation is provided here.

Under the Dejpot Warranty concept the Air Force provides on-equipment
maintenance. The off-equit:ment, or intermediate-level, maintenance is also
:performed by the Air Force, but it is normally limited to verifying that the
equipment has failed. The contractor provides depot-level maintenance
services under warranty on returned units. In the second case (Depot and
Field Support Warranty) the Air Force also performs on-equipment maintenance;
iiowever, all other maintenance is ,_,rformed by the contractor und,-r warranty.
Field suptort is considured synonomaus with intermediatt-levol maintenance.
The distinction is that the sui jort rcvicid Lv the .-c)itractcr under a Field

art Warrant! r- la:s>? the Oda ir Foe i.ermal '. per-

tDrms at the int-rrediata level. It is }ct- that tim contractor will
aroviae ,ant nan-? sc-rvices to t-1,, :-t nt as ,tL it th.e inter-mediate

levo and will 1imit units returne.d to tl<. d, ,t to tlio ; c p.,iuiring s;o c al-
i-, d rf: air 3n: test facilitit 2 s or -:Kt, siv, f aa'.sis,. in the. third

'- t.. Xntfcetor is r:sionsiblt, fr i]l maint, narc,..
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Under each conce;-t the manufacturer accepts thu warranty undur a fixe2d-
i rice agreement. The agreement remains in effect for a stated calendar time
or a zPr,_.scribed operational time, or a combination of the two. The objective
of warranty concep ts is to give the contractor an econorric incentive to
achieve acceptable performance in the field. The obligation for maintenance
of the item under a fixed-price agreement provides the basic warranty incun-
tive mechanism.

A variation to each of the three basic warranty types is made if the
installed equipment is in a remote location and is operated withiout mainte-
nance personnel in attendance. In this situation a maintenance team is
dispatched from a central location to perform the on-equipment maintenance
in much the same way as in existing Mobile Depot Maintenance. The extended
outage of a failed equipment may be accommodated by redundant elements of
the same equiiment or by redundant equipment, or functional coverage may be
, rovided by equipoment located at other sites. The period of maintenance
delay may vary from a few hours to a Zew months, depending on the frequency
of failure, the amount of redundancy, and the criticality of the system.
The introduction of remote-site operations requires that special considera-
tion be qiven in structuring a warranty program to be ajplied at an, of the
thlree levels.

A more detailed discussion of each of the three concepts with reslect
to how they would apply to ground systems is presented in Sections 3.2
thrDuqh 3.4.

3.2 DEPCT WARRANTY

Under the Depot Warranty concept the user operates the item, and in
the event of failure the item is returned to the manufacturer for rerair
or re.lacement. In effect, the contractor is accoitrlishing the equivalent
of deiot-level maintenance for the r;eriod of the warranty acr-eement.

jn-equiument maintenance accomplished by Air Force !'ersonnel consists
of verification that a failure has occurred. In the event thet entire unit
is not returned, sufficient fault diagnosis must be accomplished to isolate
the trouble to a unit level consistent with the level of repair secified
-- i.e., subassembly, module, etc. -- for on-equirment maintenance. If

t l<civel of cTuiimcnt returned to the manufacturer is lower than that
~;.eifi. for on-eouipment maintenance, the removed unit is iassed to
int.rm,_.diate or off-eoui;:ment maintenance for further fault isolation to

reT ..r I~vrl. In addition to fault isolation and r-y lacement, the on-
,m nt i r >r - ,rsonnel are also required to ierform designated ! re-

., su as cleoaning, lubrication, ins:,_-ction, and re, lace-
.I t-m as li.iqh t 'buLs and fus,'s.

, for i ms und-r warrant%, normall}, consisets of
ni-n-' * <rrmance- k to verify that a rc.moved itm has

I - .. . r it: in: it to the- manufacturer. As noted above, off-
I:,i r~t :-,, t 71-v.,- ' also h,, r(2Tuir-,d to fault-isolate to a lower leve
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Uion receipt of the failed items, the contractor is required under
terms of the warranty to repair or replace them. Returned items that have
experienced physical dimage are typically excluded from warranty coverage.
O-ther exclusions may Le authorized if considered appropriate. For example,
to preclude unauthorized internal maintenance, the warranted item may be a
closed unit with warranty seals attached. A broken seal could constitute
an exception to the warranty. Repair of excluded items is normally accom-
plished under 3 separate contract on either a time-and-material or fixed-
rate basis.

The overall logistics flow for ground systems with depot warranty is
presented in Figure 3-1, which dericts a number of equipments located "D"
distance away from an Air Force central maintenance facility that provides
on-equipment maintenance. In many cases the Air Force maintenance facility
Will be collocated with the equipment, i.e., D = 0. In other cases the
distance could be vter. small, as in the case of local base maintenance
suport. In a remote-maintenance concept, the distance could be several
hundred miles. In the concert portrayed in Figure 3-1, the Air Force on-
equipment maintenance tursonnel fault-isolate and replace the failed unit.
As noted in the figure., the word "unit" can be an assembly, subassembly,
or module. If the warranty is at the equipment level of the unit removed,
the Air crce intermediate-level maintenance :,ersonnel verify the failure
ani process the defective unit back to the contractor's facility through
base su !y!. However, if, for example, the warranty is at the subassembly
level and the removed unit is at the assembly level, additional action must

oe taken at the intermediate levol. It is necessary to remove and replace
the faulty subassembly. The r~qaired assembly is then sent to base su ply
as a ready-for- issue srare, and the faulty subassembly that was removed
is .recessed back to the contractor's facilitu; through ase suipply. If a
subassembly has been removed and the warranty is at the module level,
intermediate-level maintenance personnel remove and re;lace the module.
(A small stock of st are modules is maintained at the intermediat.- level for
th1is 1urrose, and is rel-lenished by base supply). The re-.pairec suhassembl.

s s-,t to base su ,I and the defective module is returned to the
contractor.

iu ih suri ption of level of repair for each level of maintenance is a
tica! d-cis i and will rf course affect the tyn.e of spares to be located

i" t- various -trajw locations. For larce ground systems, the return of
.-vel as.<, ie has sev,-ral advantages, includinc reduced transior-

t-kc- ts 3n s: ore- cost. Disadvantages include the "ossibility of (1)
- neucod damaoe, (2) no-trouble-found, and (3) incomplete infer-

at i n c *r ,~ : ne'r inc failure analysis since only a lower-level assrrbly
ct - nd ;ts failur might v'- been caus(.d by another :e'.er-level

, ,t s r. t tlrncd, q. tion of the -. ic l''nl for
I.r:.- . l r1 1r., a'n I-- of s ctors to d t, m in, ti,,' level that

. t -n ration, , 'ccc cmic tenet rs, and
t v" r,nt. TI.,.- avufa_-turr's -onc, rn r increased

o;- n-indu. 3'.d in~ - and tran:t3 rt't in dmace
7 : t ] '- % _ ,:.[ r < :- t;, ',an lv '-
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As indicated in Figure 3-1, the repair/replacement return concept can

be expedited by use of the bonded storeroom concept. In this approach the

user, upon confirmation of a field failure, sends a message (through the

Air Force Item Manager) to the manufacturer that a failed unit will be

returned. The manufacturer will withdraw a user-owned spare item from the

bonded storeroom and ship it to the field location. Upon receipt of the
failed 'item, the manufacturer will repair it and place it in the bonded

storeroom. A repair turnaround time is normally established to provide

control over the repair cycle. Use of the bonded storeroom concept, in

association with a repair/replace return warranty, can significantly reduce
the number of spare items necessary to achieve a required operational

availability.

The manufacturer, through the warranty process, can directly view the
results of field operations. because of the fixed-price arrangement, it

is to his advantage to develop modifications that will improve item reli-
ability and reduce the potential for future item failure. The manufacturer
is thus encouraged to develop no-cost (to the user) change proposals to

improve the item's reliability. The manufacturer's obligation to retrofit
all items in the inventory is a negotiated variable.

Depot warranty wit!i remote-site operation is quite similar to the
basic Dect warranty. The contractor's obligation is still limited to
depot mainteance. However, with remote operation there may be a consider-
able delay between the time the failure occurs and the time the item is

rnmoved for retrn to the manufacturer. Here it is assumed that there is
redundancy in th_ s;stem and that an item's failure does not require immed-
iate maintena.ce action. Equipments that use redundancy typically operate
in a remote location without maintenance persoinael. Such ecuipment can be
moritoroec rom ely to determine if a fa '.ure has occurred or can be tested
cy periodic visits of roving maintenance teams.

Warrant: wita remote-site oreration can be comi licated by one or more
of the following factors:

S!K ares- },i einc tire is increased because of delay: in failure
discover--, and extra distances involved.

Fatitc assets become batched because of t nc schedul, rf tl't- rmcte
site team. tatched returns can imlce tine ord<rl: flaw -1 Tiat_riai
throuch the contractor's rerair facility.

Difficlt- is encountered in relating failures t -.f< ,-r i .7-
stalnces. TMis c:an de:-rade eff-cuive failure-ci rc
tatio' and s u t failure analysis.

'.. th 'ui' mr-nt isroeri. instrumEnted, t. , .

-T', diffic'ult to identify. Toward th :.

r , imav nt -hco,,n If the fail ur .

Tt LP r r.i i t:- or ma n tainaLL a -;c- IL n:

2 d. -i : atl :- .L,- u ffou " ic itu titon .1s wh . tt. ,i it a r,,
ictnr,{' it



Depot warranty applications in which the installed equipment will be oper-
ated remotely will require careful consideration of these factors, and terms
and conditions will have to be adjusted correspondingly to reflect any undue
risks.

3.3 DEPOT AND FIELD SUPPORT WARRANTY

Under the Depot and Field Support warranty concept the contractor
supplies not only depot-level maintenance but also field maintenance support
at one or more locations. Field support can be collocated at the operational
site or at centralized locations that service dispersed operational sites.
The Air Force supplies on-equipment maintenance as well as prescribed pre-
ventive maintenance.

Extending warranty to include field support is typically of interest
where the end equipment has low reliability and the units removed from the
equipment are costly or are difficult to transport.

The general logistics flow under this concei t is pjresented in Figure

3-2. On-equipment maintenance is conducted by Air Force maintenance jer-
sonnel in the same manner as that previously indicated for Delot warranty.
However, in this case the contractor provides intermediate-level maintenance
for field support. He receives units removed from the equipment op erating

sites and, within a specified period, repairs the units and returns them to
base supp~ly. It is the contractor's responsibility to decide what will be
rep.aired at the intermediate-level site and what will bu returned to a
central contractor facility comparable to a depot. Transuortation costs
will be an important factor in the contractor's decision.

Warrant' extended to include field suplport contains many additional
factors that must be considered in formino a warranty agre2,-mi :t, including
the following:

Number and location of field support sites

Assurance that a sufficient work load will be genurated at the

field location(s)

Ownership of tools, test equipment, and other maintenance facilities,
including space and utilities for field contractor operations.

* Logistics flow and ownership of spare parts

* Control of asset flow,; from thu contractor field su -,ort sit,° or
c2,<Iot and return

Warrant' administration at tho field sui::,ort situ; particularly a

d(t,_rmination :f who il i rf-orm ti-,. normal AFPRO/DCAS warranty-
MENat= r:s: ro i i t Ii .
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Fir Depot and Field Support warranty operated under remote-maintenance

conditions, the points mentioned under Depot warranty also apply. To assure

that the warranty program provides proper incentive to the contractor, it

is important to define carefully the interface between the contractor's

field facility and the base maintenanc.e and supply activities. Part of this

interface is the specification and control of item-repair turnaround time.

In addition, to assure the achievement of desired support characteristics,

it may be desirable to couple a Field Support warranty with a selected

guarantee -- MTBF, logistics support cost, etc.

3.4 DEPOT, FIELD SUPPORT, AND ON-EQUIPMENT WARRANTY

Under the Depot, Field Support, and On-Equipment concept, the con-
tractor assumes full responsibility for all maintenance required by the

equipment. In addition to depot and field support, the contractor performs

the on-equipment maintenance, including corrective and scheduled or pre-

ventive maintenance. Reasons for using this type of warranty are similar
to those given for the Depot and Field Support warranty. The primary basis

for extending warranty to include on-equipment maintenance is highly com-

plex equipment maintenance (corrective or preventive).

The logistics flow under this concept is illustrated in Figure 3-3,

which shows that the flow is totally within the contractor's purview. Inter-

face between the Air Force and the contractor occurs primarily on site. The

local Air Force operations personnel indicate the need for maintenance and

monitor the contractor's activities to restore operations within the pre-

scribed limits.

In some cases the contractor may elect to collocate on-equipment and

off-equipment maintenance personnel and facilities, while in other cases,

depending on the number of sites, equipment transportability, and other

factors, he may elect to have separate locations. The division of mainte-

nance between on-equipment, off-equipment, and a central facility would

fall within his purview. In fact, he might choose to eliminate entirely

one or more of the si.ecific maintenance levels. Such action is permissible
if the contractor can meet the prescribed maintenance performance criteria.

The definition of maintenance restoral times, availability, or other service

.arameters is the key to giving the contractor the proper incentive. To

ensure that the desired parameters are met, the warranty can be coupled with

an apiropriate guarantee.

This concept may also be extended to remote equipment operation. Here

-a.ontractor has complete maintenance responsibility but, instead of
nis personnel at fixed sites to perform on-equipment maintenance,
, Lt,d to p roviding maintenance support of remote sites on a demand

" l, basis. 7ince the contractor will not be resident at the remote
A.-I .wrranty agreement must specify reasonable criteria governing

.-:!wa L, tine for restoration of a failed item. These criteria must

- t account th. m(thod of failure detection, i.e., remote sensing or

i- ltn. As in the Deipot warranty concept, for remote

3-10
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maintenance to be possible, there must be a means of providing op.erational

coverage in the event of a failure.

Application of this concept requires making a number of key decisions

concerning the following:

1. Commitments for equipment operational goals in terms of availa-
bility, operating hours per designated period, or other applicable

parameters

2. Provision of tools, test equipment, maintenance facilities, and
shop space at all maintenance levels

3. Ownership and flow of logistic assets at all maintenance levels

4. Reimbursement for transportation costs

5. Methods for notifying the contractor of the need for maintenance

6. Method to assure that the contractor has performed the required
preventive maintenance

7. Remedies in the event the contractor does not meet operational

goals

The potential complexity of the Depot, Field Support, and On-Equipment
concept, dictates that considerable lead time be provided prior to the
request-for-proposal date to assure that a complete and realistic warranty
program is developed.

3.5 SUMMARY

This chapter has reviewed various alternatives that might be considered

for ground system warranty. The concepts discussed take into account the
fact that some ground systems are highly complex, exist in small quantities,
and are difficult to transport. Warranty concepts that irovide for
contractor-sucllied field support or on-equipment maintenance may be found
to be cost-effective for some of these situations. In addition, it should
be recognized that in some situations the concepts can be alplied to selected

sites while Air Force maintenance is retained at other sites. Benefits
gained from the contractor-maintained sites -- for example, early identifi-
cation of p.attern failures, inadequate procedures in technical manuals --
would be transferable to the sites maintained by Air Force personnel.

Recent trends in the reliability of electronic equilrent may also have
an impact on the use of the warranty conce- ts discussed. For example,
Subsection 2.3.3.6 in 'Ia;,ter To indiated that some, it ms of equipment
beinq procured today demonstrate extremely hiah MTBFs and that there may

!ittl- oi ,rcinity' for r liahil It:, imi rovment. Howe-v,er, tl., re may
still he the Dt.irrtunity to Lmi.rove -,ui, ment availability th rough maintain-
abilit'! im- rowvments, or te reduce2 manninri reuqiirements through effectiv,
use of contractor ma intenance coul 1,.d withi warranty conce.i ts. Subsequent
chartrrs of this r',2ort ,.,ill examine, in more detail the roc ss for
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structuring a specific warranty concept and for evaluating its economic
viability. In addition, guarartees.of various types may be a useful
adjunct to a warranty program. Chapter Four addresses possible guarantee
concepts and their use independently of, or in conjunction with, the
warranty concepts discussed in this chapter.

!i3
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CHAPTER FOUR

GUARANTEE CONCEPTS AND PLANS

The warranty concepts discussed in Chapter Three identified alterna-
tives whereby the contractor would be contractually responsible for certain
maintenance activities on equipment he has produced.

In this chapter the uses and li ' tions of guarantees for ground
electronics equipment are examined. The relationship between a warranty
and guarantee is also explained, and examples of military uses of guarantees
are presented. This chapter also describes several types of guarantees for
ground equipment and identifies the goals and control parameters for each
guarantee and the impact of the guar.,ntee on an equipment's operations and

support activities. The potential impact of a guarantee on other acquisition-
program features is examined together with types of remedies that can bo
used.

4.1 THE GUARANTEE CONCEPT

4.1.1 The meaning and Use of a Guarantee

As used in this report, a guarantee is a commitment by the seller to
the Government that the eauiment will achieve specified field operational

qoals. Through a guarant-ee, the contractor and Government recognize that
certain eruiFment characteristics cannot be adequately determined by normal
inspection and acceptance procedures. The Quarantee permits the Government
to determine the equipment's conformity with certain requirements when the
e, quipment is in an operational environment. If the equipment fails to meet

these requirements, the guarantee will identify the consideration that will
bc irovided by the contractor or any other remedies available to the
Government.

4.1.2 The Relationshit Betweon Warranty and Guarantee

In man' procurements, the incentives provided by a warranty alone ma.
he neither sifficient nor ;iro,.r to achieve sp~ecific operational caj aLbili-
ti-,s. An exam le of such a situation is provided in the following :aragraih.

Assume that a contractor, under warranty, is resionsible for all delot-
1 v mai:itenance for a ccific equivmcnt. Assume also that the equiiment

. than ,xl',,cted ani that ti. frequ(ncy' of re airs exceeds that

4-1



used by the contractor to establish his warranty price. The contractor
could decide, on a purely economic basis, to ignore development of no-c.'st
ECPs or other modifications foi- the equipment and simply make the neces.sary
repairs by the most economical means available. From the contractor's view,
this decision can be most cost-effective, even if it means a reduced profit
or eventually a loss on the warranty line item of the contract. If the
contractor makes this choice, the Government's depot maintenance costs are
fixed for the duration of thie warranty period; however, the Governme-nt will
incur higher maintenance costs at the organizational and inte~rmeLdiate main-
tenance levels because of the increased number of failures. In addition,
the Government may have to buy additional spares to maintain the supply
pipeline. Finally, when the Government docs take over the depot mainte-
nance, its costs will be 4reuter be~causce the MTBF is less than s.-ecified.

Therefore, without re-jard to an,:- resionsibility or obligation asso-
ciated with warrant.:, it ma.,o LeI.tid for t~.- Gove.!rnnt to require
a contractor to -iuu~i ar a~ o ramters -- MTBF in the
example i4iven. In P !1 IiKorcdntt 1- 110t meLt, L',e contractor
incurs spc~Kr ~e- t 9~-*rt, inch : iA.r~t of otiier contractual
recjuiremnt.

Thus, w:i1L j~ :To ' u~a. .' !_)t used to 1rovide comple-
mentar., irnctrntivi nt_- t :a,.- unigi,,e ft-atures and each
ijrovidus a difr-ir, t v

T'~ . 'ilt I it~ 1 nve'vt d.

* .rit 1..:.,- cal-
(j* r %'.<h j thet

* ",ra ~us l" o i:3jdntifica-
t r' f at ia;_ii t; and. a tabulation

ataot:.f units of mtasurement
I iti t .r, ca-j riv of decterminin,

f i -'a :i 7 - Iri-udit- 6cvf rrment procedures for
zt~~ ~ :r: 1duIb;, f. for such notification.

i'l1 :a 'Ii -ts ncue sx(-eific contractor or
* 7 K Alt.: .~w'th imi lemontation andimii

r* Ii~ ... ,jat colecionand verifivo'tion

.1 7 . i ,I F,1- -c ri-es bth the natur: of the,
I ~ i'cIjn in th, event thiat *;uaranteeo

r IN PNT!



The details of each guarantee must be tailored to the procurement for
which the guarantee is considered.

4.2 MILITARY USE OF GUARANTEES

Table 4-1 summarizes the major features of several guarantees that
have been used in recent DoD procurements. These programs are discussed
in the following subsections.

4.2.1 MTBF Guarantee

Th,- MTBF guarantee was pioneered and developed by the commercial air-
lines; it has been adapted by DoD for the procurement of military avionics.
It is often used to complement a reliability-improvement warranty (RIW),
which requires the manufacturer to be responsible (at a fixed price) for
depot-level repairs of his equipment.

In an MTBF guarantee the contractor guarantees that a stated mean time
between failures (MTBF) will be met or exceeded by his equipment when it is
used in a military operating environment. If the equipment fails to meet
guaranteed MTBF values, the guarantee requires that the contractor agree
to institute corrective action and to provide consignment spares to the
military until the MTBF improves to preestablished values. The contract
may also require that if at the end of the guarantee period the required
MTBF is not met, all or a portion of the consignment spares become Govern-
ment property at no increase in contract price.

For the TACAN and F-16 procilrements shown in Table 4-1, the MTBF guar-
antee complements an PIW requirement. Thus the RIW provides an indirect
incentive for achieving ITBF through the contractor's maintenance commit-
ment. The MTBF guarantee provides a direct MTBF incentive because of the
consignment-spares requirement. Through the MTBF guarantee, the Government,
although never assured of achieving the required MTBF, has additional pro-
tection against pipeline spare shortages that can develop-, if the equipment

has low MTBF.

Hence, in addition to any incentives due to warranty, the guarantee

provides specific incentives for the contractor and improved protection
for the Government in the event that guarenteed values are not met.

4.2.2 Availability Guarantee

The airline industry has made some use of dispatch reliability, which
is a limited form of availability control, but to date very few attemits
save been made in DoD to implement an, sort of availability guarantee. The
t.'o major reason- ,-k tfis are <l) difficulty in dhfinino availability in

t ntract;a1 t ri-is and ther boi- able to measure it with enouch accuracy to
*";-irf contrac:tual cr iiance or noncomi liance, and (2) accounting for the
fac-. that for many .Iujiments at least some of tho support factors that
infi'nc: avai l-bilit: are out. idl the contractor's; control.

4-3
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One DoD program that is using an availability guarantee is a Navy pro-

cur,<ment for contractor maintenance on cockpit-procedure trainers (these
are ground simulators used in training Naval aviators). Because simulator
downtime would have an adverse impact on the overall class training sched-

ule, the Navy wanted to give the maintenance contractor an incentive to
achieve maximum availability of the equipment during the scheduled train-
ing periods. An availability percentage of 96 percent was agreed upon,
with availability defined as the ratio of hours during a scheduled 1-eriod
when the trainers were operationally available to trainer hours scheduled

during the same period. For example, if the schedule called for 400 hours
of training during a period and the trainer was operationally available

during only 360 hours of the scheduled period, the availability would be
90 percent. Under the terms of the contract, if the 96 percent guaranteed
figure is met, there is no change in the contract price. However, if the
guaranteed figure is not met, the price paid for the maintenance services
provided is reduced in acoordance with a preestablished contractual for-
mula. Alternatively, if the 96 percent figure is exceeded, the contract
price is adjusted upward, again in accordance with a preestablished for-
mula. While this contractual arrangement cannot provide the Navy complete
assurance that their availability needs will be met, the guarantee provi-

sions, with associated monetary penalties and rewards, does provide a strong
incentive to the contractor. Results during the first c.eriod of contractual
coverage under thu guarantee arrangement were sufficiently successful that
an option was exercised for continued contractor maintenance during a sub-
sequent period. (In fact, during the first year the availability was at
or near 100 percejnt in each measurement period)

The foregoing example is the only DoD contract identified durina the
course of this study effort that incorporated an availability guarantee
coupled with contractual monetary incentives. However, a Navy/Air Force
1rogram, the Joint Cruise Missile Project, is currently evaluating the
feasibility of applying an availability guarantee to certain systems of
the Air Launched Cruise Missile (ALCM). The results of the evaluation and
the details of the concept, if implemented, will not be available for some
time. However, the evaluation does indicate a willingness on the part of
DoD to consider availability guarantee arrangements even on major procrams
such as the ALCM. Additional aspects of availability guarantees for ground
equitument are discussed in Section 4.3.3.

4.2.3 ost Guarantee

The cost guarantee can take several forms dependin,- on the. specific
costs of interest. Table 4-1 gives exam,. les of Life-Cycle Cost (LCC), and
Logistics-Sup port Cost (LSC) guarantees. In either case, ar,ement is
re:ached on an a[piroriate cost codel that combines individuall,'. -stimated
arameters to arrive at a total '>nedict -dcost". Th_ contractor muaranteks

t~at the cost to orerat' his ewui: illnt will b no more than t: is auarant<: d
amount. A field test is conducted to obtain stimates for the, r nci al
var~ables in the cost :oel (e..IMTUVMTTR, snd averale re,ar ot).

resulting "actual estimate" is tlhen *onv ared with th, -uarantcd valun.
to i'-term ine :om liance.
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The AN/ARC-164 UHF Radio procurement, as indicated in Tabt- 4-1, e,(nt
far beyond the consideration of life-cycle cost as a source-s~,ction
factor. This contract required that a sophisticated LCC ve-rification test
Lbe run to obtain "actual LCC" estimates. These estimates were comlar.d
with "predicted LCC" estimates developed prior to award of the production
contract. The results of this comparison were used to determine whether
the contractor would receive an incentive reward or a penalty. This arrange-
ment had all the elements of a guarantee in which life-cycle cost is the
controlling parameter. A great deal of effort went into developing both
the model and the verification test plan and procedures for this erogram.
At the conclusion of the test, although the agreed-to MTBF had been
exceeded, other cost drivers resulted in an LCC value that precluded
adjusting the contract price either upward or downward. If future effort
could better identify LCC drivers and then reflect these findings in a
simrler LCC "model", the administrative effort associated with such guar-
antees could be greatly reduced.

The General Dynamics F-16 contract requires that a similar demonstra-
tion be performed under its Logistics Support Cost (LSC) commitment. Certain
data will be collected on the first operational squadron of F-16s during a
test that will last for 3,500 flying hours. Again, as with the AN/ARC-164,
operational estimates of logistics and support factors will be fed into an
LSC model and the "actual" results will be compared with "predicted" esti-
mates developed prior to source selection.

If "actual" LSC is less than the "predicted", General Dynamics (GD) is
eligible for an award fee. If the "actual" LSC exceeds the "predicted" by
more than 25 percent, certain remedies are available to the Air Force. The
1ossible remedies include having GD provide assets, engineering investi-
gations, and modifications.

In each of the cost guarantees discussed in this section, there is no
contractor warranty and all repairs are expected to be made he service rer-
sonnel. With the ANl/ARC-164, 'owever, Magnavox and the Air ,ore did agree
that only "designated" personnel would be allo.., i to perform maintenance
actions that contributed data to the LCC verification test. This acrecment
allowed the contractor to have confidence in the actual skill ]evels that
were heins brou.7ht to the maintenance task.

4.3 APPLICATIO'N TO GROUND ELCTRONIC SY.TMS

The .guarantee(s discussed in etin4.2 -.,ere dev _ lojtd i 'rimatii,. fo r
avionics or air:raft-related s'y-t,sms. The parameters that they add ess and

.e cc.trol- t"-'at they ir:ose are hasic .nouch to aeT 1, to man: (:round sv-
tm n t:. t e , tie di>; rt of r:,-:nn ., } ment lomnt a,in
is< r itnt .nl " add itilona r of 1.)aire. hut also art] ee on

,ad;/ used fTh a ,is. 0-is section a- r, s ...
.eic, i a il a! for :rund m~';n r iarartes th,' s; e_-ific cot,trol s that

,: :-oic, e 2ot~es , and it-., Ic ef1rtaticn and administcrative-, i ,acts
'f ti - .

-  
][ ,rp~a t es.
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Four classes of ouarantee are identified for ground systems. Specific
'xamples of three of the classes were discussed in Section 4.2: reliability,
availability, and cost guarantees. The fourth class, the maintainability
quarantee, has not been previously discussed but will be covered in Section
4.3.2. The major features of each class are summarized in Table 4-2.

Table 4-2. CLASSES OF GUARANTEES FOR ELECTRONIC
EQUIPMENT

Typ:e of
ute Goal Control ParametersGuarantee

Reliability Control frequency of MTBF
failure or maJntenance MTBMA (maintenance actions)
events. MTBSF (system failures)

Maintainability Control the statistics MTTR

of the maintenance Percentile control on correc-

distribution. Can tive maintenance times

address both correc- Mean PM time
tive and preventive Percentile control on pre-
maintenance. ventive maintenance times

Mean man-hours to rerair

Availability Control rate of use Operating hours per month
that can be achieved. System downtime -er month
Conversely, control
outage rate or down-
time rate.

Cost Control mix of dollar Can be dollars or a dimen-
and other resources sionless ratio
needed to buy, operate,
and support a system.

4.3.1 Reliability Guarantee

4.3.1.1 Descrirtion

The MTBF guarantee is a st-cific member of the reliability class and
is u' to motivate2 t i contractor to r. i-ce either the frequenc. of fail-
res ir a system ',; fi for , :-.stcm) or the freauency of maint( -

nan s' associated wth stem. The latter alterrstive r:coanizes
nat in r.,du1ndant or fail-r t's ma-ntenanceo ctivity may aot be

r.t 1  r'a-atawl- o This situatin occurs infrquently
in-vr ... t, volum , and 1ower constrairt tt ,-

a ;Io faiI irc is cft r:syononcu<
it ' : < m fall: t
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Variations in a rt 1; al lit-: taato are. trade whetil the guarantee i s

adapted to meet tie( defini tin of' "failure" for a system. Thus; the-_ control
arame ter can he ant'- ni aslufe of the USLi~JQ vllWe ew' sr:-cific classes

of failure maintenance events-, for exami tc-

YITBMA -mean time btenmaintenance actions

M~TBSF - moani tim> ts-v en systemn failures

4. 3.1.2 Im; l<mentat ion Re ;ul r"Ment 5

DoD experience in deeoisand ad3ministering > TRF cquacantee-s nhas

indi1cated that the c:riticl. njim lemnt nta tion features of a rehl a" i ity c uar-

antc2e are related3 to the atoi
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environments, they can provide greater opportunities for developing the.

maintainability guarantee concept.

The maintainability guarantee can address either the system downtime:
during failure or the manpower resources required to repair a failure. It
will not control the total manpower requirements for maintenance since it

does not address the frequency of repair for the system.

4.3.2.2 Imilementation Requirements

Like the definition of failure for a reliability guarantee, the defini-
tion of maintenance time is a critical feature of the maintenance guarantee.
What elements of the maintenance activity are chargeable to the total time?

What assumptions are understood with respect to spares, manuals, training,
tools, maintenance technician skill lrvels, etc.?

It is also important to identify the. maintenance activities t.at will
be measured to establish conformance. What maintenance events are not to
be counted (e.g., lightning that ,'aus-s extensive equipment damage, power
transients that are not the offeror's r:. ;onsibility, negligence, etc.)?

Finally, who will record and validate the data? This as; oct will be.
extremely important if the contractor is not at a facility at least to
witness the repair activity.

4.3.3 Availability GuaranteL

4.3.3.1 Description

The availability guarantee combines many features of the reliability
and maintainability guarantees. Now the control parameter is the opera-
bility or utility (per unit of time) of the subject equipment or, equiva-
lently, a limit on the downtime or nonoperability of the equipment per
unit time.

The control paramet(-r for an availability guarantee may have one of
the following forms:

* Operating hours ier month

SMaintenance time *r month

* System downtim,. -cr month

a-imu dowtime r failure

* Perent of sh it , r lted without failure

* Av' -a :i maintc'anc, time per s!i ft

i7or t, n , , rt . i
2 coritro)! :arametc-r ma.' b,:

* : n r ,:.:e .'; c::],!, ithout faiiur,-,
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4.3.3.2 Implementation Requirements

As indicated in Section 4.2.2, two major difficulties in implementing
an availability guarantee are (1) defining availability in contractual
terms and then measuring it with enough accuracy to verify contractual com-
pliance or noncompliance, and (2) accounting for the fact that for many
equipments at least some of the support factors that influence availability
are outside the contractor's control. Therefore, implementation of the
availability guarantee will first require a careful definition of the term
itself. It may be that for some applications availability can be defined
by using the traditional approach of combining both reliability and main-
tainability factors. However, in many situations, using this definition
approach will result in extreme difficulty with contractual measurements.
Alternative definitions of availability, using one of the parameters cited
above, should ease the measurement problem.

The Navy procurement on cockpit-procedure trainers cited in Section

4.2.2 indicated how availability can be defined to meet the sl.ecial circum-

stances of individual equipments and the specific Government objectives.
The measured availability could also be based on special tests. For exam-
AIe, one aiproach being considered on the Air Launched Cruise Missile is
to estimate the availability by using a combination of ground tests conducted
with test eauipment and actual operational test launches. The conditions
anr wii.h the tests are conducted would be sp_,elled out in test j-lans and
a- r to b'I both the manufacturer and the Government.

Another major consideration in implementing an availability guarantee is
th,: de 3re of control the conLractor has over the various sulport factors
that could affect availability. For example, if the contract :rovides that
Air Force maintenance technicians perform some or all of the preventive main-
tenance reqiuired, what skill levels will be required of technicians who
will complete the tasks? If the contractor performs the maintenance and
the Air Forcu provides reTlacement parts, what stock levels will be main-
tained? A.piroaches to addressinq imr iemntation recuirements for an avail-
ability guarantee are discussed in Cbal ter Scven, which discusses contractual
warranty-guarantee provisions.

4.3.4 Cost Guarantee

4.3.4.1 Descrition

The e.xa:.l in (ction 4.2.3 illustrat d the basic features of a cost
Tar Ti, t araint, r is de med by a model that combines a

r cost, .m . in , or ot oi.r support 1 aranet, rs . F: 1 roi tr solec-

',. ,ai r - o P1 can omhaniz, the iiir ortart iaram ttr
,t ration, and sui .ort of a sistcm. In Table

-1 , . . , , t_- iuar ,t co;trol i aram(tors .,or, ,]o lens. But
n :1 stahlish th'e control i ramet, r as th>,

,t, . In thi. case thet" con, trol aram-
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4.3.4.2 Irplementation Requirements

The complexity of the cost model will determine the implementation
effort associated with a cost guarantee. If it is necessary to estimate
reliability and maintainability parameters, all of the implementation
proble s associated with reliability and maintainability guarantees must
be addressed. If additional parameters such as spare parts cost, condem-
nation rates, no-trouble-found ratios, etc., must be estimated, then a
test plan and procedures must be developed to clearly identify responsi-
bilities and procedures for collecting such data.

The effort to implement a cost guarantee can be reduced by limiting
the number of independent variables in the model. For example, let

A
Z = -- + B(MTTR) + C (average repair cost) (4-1)

Prior to contract award, regions of interest for MTBF, MTTR, and average

repair cost can be identified for the system in question. Equation 4-1
can be correlated with a more extensive LCC model over the region of inter-
est to establish best-fit estimates for A, B, and C. Then, in a verifica-
tion test, Equation 4-1 can be used as a control parameter.

While this approach allows a contractor to "game" LCC parameters that
do not appear in Equation 4-1, it does provide an alternative to developing
complex verification test plans and procedures.

4.4 IMPACT ON DESIGN AND SUPPORT ELEMENTS

It was stated earlier that a guarantee can provide a contractor with
an incentive to meet control-larameter values. If the guarantee require-
ment is introduced into a program early enough (certainly no later than
design freeze and perhaps as early as FSED contract award), a contractor
has the opportunity to modify his equipment design so as to increase his
likelihood of meeting any guaranteed parameter. Even in other cases where
the equipment is to a large degree commercially available or is a military
adaptation of a commercial item, the manufacturer still has the ovportunitv
to make changes which would have a favorable imlact on som < ef the quaranteed
parameters. Table 4-3 examines several dosiqn and sn:ort roeram elements
that could be affected by various guaranteets.

The reliabilit'. and maintainabilit.' ciuarant, es a,- 411 - i. 1iall- exclu-
sive areas, ref]ectin the difference in emnhasis bt.'. incenitives.
On the other hand, availability anr cost guarant.-es har.' . ot'ntial to
affect all ,eas, to th. , xtent that tii' guarant.! iaram, t re art, influenced
hr these areas.

in sumar , a ti,. nat ns ci he c:uarante. b',come.s mor( con I x, it
a.,,-aar-s th at 'hi , juararer- haf mor(- el.!ortuiitr to aff,,ct various lesi m
are su' : 'rt activiti
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Table 4-3. POTENTIAL FOR GUARANTEE IMPACT ON DESIGN AND
SUPPORT PROGRAM

Progrtm Reliability Maintainability Availability Cost
Gfetu uarantLe (-uararitee Guarantee* Guarantec*

D-si I n i rn~iram

x
x x

Ix x

x x

x x
z~rX. x x

-x x x

a S S ~ a: s11"Ccf'iCs of :u aran .: 1

4.5 REMEDIES

The rtumeales available to the Government in the !!v,-nt of contractor
failure to meet guaranteed values are the most important part of a guar-
antee. Without a clear statement of remedies, the remainder of the aua-r-
antee can carr-.. little impact or incentive. Historically, three forms of
remedy ai,-pear in a guarantee: money, services, and material. Each is
discussed in this section.

4.5.1 Monev.

A guarantee can incorporate a payment schedule (or a paymunt adj ustment
schedule) as a remedy. Thius if the guarantee is not met, the Govtrnment is-
due some Iayment or monetary nsidferation from the contractor. 01) the
oth-r hand, if the cguarantee v, lue i s e~xce-eded, the cointractor may be
entitled to additional monetary _:onsidieration. The AN/ARC-164 UHF Radio

and -16 LS( ciarart, -3 and t:,.e bavv Trainor aviaiiyquarante a]l1

jV"_0_-4 I -k o.

......... .



4.5.1.1 Impact of Money Remedy on Seller

Additional payments for meeting or exceeding guaranteed values could

represent additional profits on this portion of the contract. On the other

hand, these payments may only return money that was invested by the seller
during the hardware production and deployment efforts in order to meet the

guarantee requirements. Thus, even when a guarantee value is exceeded,

one cannot be sure that additional payments represent additional profit

on the contract.

If the guarantee is not met and the seller is required either to make
direct payments to the Government or to reduce previously negotiated prices

according to a pre-established schedule, there are at: least three possible

levels of impact on the contractor:

(1) The payment reduces or eliminates the profit associated with the

guarantee line item.

(2) The payment, in addition to (l), reduces or eliminates the profit
associated with the contract.

(3) In addition to (2), the payment prevents recovery of some of the

seller's costs on the contract.

These are, of course, increasingly serious levels of payment for the seller.

4.5.1.2 Impact of Money Remedy on Government

If additional payments for meeting or exceeding guaranteed values are
required, these must be budgeted in advance in order to be available at
the proper time. In this case the Government appears to i-ay a premium
to obtain the guaranteed performance. However, this premium is offset by
the additional capability of the system or by a reduction in the life-
cycle cost of the system.

On the other hand, if the Government receives a payment after a con-
tractor's failure to meet a guarantee, the funds may be considered as:

(1) An offsetting Payment for increased LCC of the system

(2) The means to purchase additional manpower or assets to support
the system or increase its capability

(3) A simile penalty for failure to perform

As even this brief analysis indicates, the parties that negotiate a
ron y romedy have very different interjpretations of the risulting payment
schudule.

4.-.2 Servic-.

Instead of mon-tary consideration for failing to meet a cjuarantt.o, a
contract coul] require the sel1ler to provice certain services. For exam.lt,
ci A~rrn; contract ;onta~ninq a warrant, with an MTBF rruarantee rejquires

4-13
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the seller to extend the warranty period if the guaranteed value is not met.

In other cases, such as the TACAN reliability guarantee listed in Table 4-1,
the seller must provide engineering services to investigate the reasons for
low MTBF and then develop ECPs and modification kits. Other types of serv-

ices could also be provided depending on the equipment and the type of guar-
antee plan used. For example, if an availability or maintainability guarantee
is not met, engineering analysis might be required to determine the cause or
causes of nonconformance. Several individual factors or a combination of
factors could be identified as the cause. For example, if it were deter-

mined that technical orders were erroneous and test equipment inadequate,

additional services could be required to correct conditions causing noncom-

pliance with the guarantee.

4.5.2.1 Impact of Services Remedy on Seller

The seller's position can be analyzed by converting, for each value of

the control variable achieved under the guarantee, the exiected amount of

services (and modifications) to an equivalent selling Irict. Then this
remedy can be analyzed in terms of a monetary payment. Some uncertainty is

introduced in this analysis: the seller may have difficulty estimating his
total obligation under this remedy until he has the data showing that he

has not met his guarantee. For example, it is difficult to estimate how
much it takes to improve a system reliability from 400 to 500 hours' MTBF

until the failure modes of the 400-hour system are known.

4.5.2.2 Impact of Services Remedy on Government

The Government's intention under the services remedy is clear. It

plans to substitute services for the deficiency in the guaranteed param-
eter. If the services are well defined, as in the case of a warranty

extension, the value of the guarantee, for each achieved value, can be

determined in a straightforward manner.

4.5.3 Material

Contracts with MTBF guarantees often require the contractor to provide
consignment snares when the guarantee schedule is not met. Similar require-
ments can be developed for other guarantees. For example, a maintainability
guarantee could require remedies such as tool redesign, revision to technical
manuals, or improved BITE. For the MTBF guarantee, consignment spares may
be required in addition to modification kits that will brina the reliability
ur to auarantee values.

4.5.3.1 Imntact of Material Remedy on Seller

The sel.r' osit Lot. can he analyzed by estimating, for various
achieved values; of t. control variable , the cost of the penalty invoked
for th>5e ac:i vec vaiu-s . o-r xamtle, the expected number of consignment
si -es (or Tc:i fication kits) could be computed under differont achieved
MT3F and then -.onverted to an equivalent cost. The cost estimate of spares
may d(-mnd ori the tirning of the delivery (e.g,., is the seller in or out
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of production when the spares are due?). The seller may also have diffi-
culty estimating his total obligation for modification kits since the
nature of these kits will probably depend on the failure modes of the
systems.

4.5.3.2 Impact of Material Remedy on Government

Under the material remedy the Government can choose to increase the
number of items in the inventory (through consignment spares) to offset the

logistic impacts of low reliability. On the other hand, the modification
requirements provide the Government with an opportunity to have the equip-
ment brought up to guaranteed levels.

The modification kit approach has not been implemented under existing
contracts; thus the administrative details of this approach are not clear.

4.6 SUMMARY

This chapter has discussed the meaning of a guarantee and the relation-
ship between warranty and guarantee. It was noted that while each concept
has unique features and a different focus for the incentive process, the
two may be used together to provide complementary incentives. Major features
of guarantees were cited in relation to their use on several recent DoD
procurements.

The four classes of guarantees identified for potential application to
ground electronic systems were reliability, availability, cost, and main-
tainability. Implementation requirements of each class were discussed.
The most important part of a guarantee is the remedy available to the
Government in the event the contractor fails to meet the guaranteed values.
Three remedies (money, services, and material) were discussed in terms of
their potential impact to both the seller and the Government. It was noted
that without a clear statement of remedies the guarantee has little im-act
and offers little incentive.

Each of the guarantees presented in this chapter can be used as a
"stand alone" requirement or in combination with a warranty. Contractual
provisions applicable to those warranty-guarantee plans are discussed in
Charter Seven. However, before considering contractual provisions for the
plans, it is necessary to describe the criteria for their application. These
descriptions are presented in Chapter Five.
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CHAPTER FIVE

WARRANTY-GUARANTEE APPLICATION CRITERIA

In Chapters Three and Four a variety of warranty-guarantee concepts
that could be applied to ground electronic equipment were discussed. How-
ever, these concepts are not equally applicable to every procurement. To
assist potential users in discriminating between warranty-guarantee alter-
natives and in identifying the alternatives most likely to offer significant
benefits, a number of warranty application criteria have been developed.

5.1 OVERVIEW OF APPLICATION CRITERIA

The proper development of warranty-guarantee provisions requires a
great deal of effort on the Government's part to develop procurement, admin-
istration, and logistics implementation. Thus the decision to include
warranty-guarantee in a procurement should not be made lightly. Table 5-1
presents a number of warranty-guarantee applicatiQn criteria that 2an be
used to aid in the selection of a warranty-guarantee approach for a specific
application. These criteria are generally qualitative and can indicate
the general feasibility of a specific warranty-guarantee application. The
table is not presented as a simple checklist that can be used alone in
deciding on the applicability of a warranty-guarantee. Its effective use
requires an understanding of the concepts presented in Chapters Three and
Four. The comments provided in the following paragraphs should assist in
using the table.

The criteria are arranged by factors into five areas: procurement,
equipment, operational, support, and economic. The importance, impact, or
implications of each criterion are defined as succinctly as possible. Each
user of the table will have to determine the relative importance or appli-
cability of the criteria for his intended use. The other table headings
identify the major warranty-muarantee plans that have been identified for
ground systems. These include warranty at three levels of contractor
responsibility2: depot only; depot and field maintenance; and full contractor
maintenance, which includes depot, field, and on-equipment activity, .our
types of guarantees arc also addressed in the table: reliability, main-
tainability, availability, and cost.

5-I
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In the body of the table, each application criterion has been assigned
an "importance factor" that assesses the relative importance of each cri-
terion to each warranty-guarantee plan. These factors are interpreted as
follows:

1. Major - Failure to meet stated criterion could be grounds for
rejecting this warranty-guarantee plan or, at the least, could
require a reassessment of the goals or implementation methods for
the warranty-guarantee.

2. Secondary - Failure to meet stated criterion would generally not
be grounds for rejecting this warranty-guarantee plan. However,
special attention must be given this point in developing a specific
approach. Several secondary grades for a warranty-guarantee could
be cause for rejecting the approach.

3. Minor - Failure to meet one or more of these criteria is generally
not cause for rejecting this warranty-guarantee plan. However,
special consideration should be given to these points in structuring
the warranty-guarantee contract.

It should be noted that in several cases the numerical importance factor
changes with different warranty levels, or becomes nonapplicable (N/A). For
example, warranty administration becomes more critical as the warranty changes
from depot only to depot and field, or to depot, field, and on-equipment.

With the contractor having full responsibility in the last case, the Govern-
ment must have the ability to assure contract compliance at all three levels,
not only at the contractor's depot facility. Alternatively, under the depot-
only warranty, it is relatively important that the Government be able to
provide operational failure and usage information to the contractor. However,
under the depot, field, and on-equipment warranty this factor is N/A since
contractor representatives will be on site and will be responsible for their
own failure and usage information.

5.2 DISCUSSION OF INDIVIDUAL CRITERIA

The following sections address the criteria areas that appear in
Table 5-1.

5.2.1 Procurement Factors

The circumstances under which the warranty-guarantee equipment and the
warranty-guarantee are procured will affect thie applicability of various
approaches. Although these criteria have almost equal impact across the
warra nt"-4uarantee altiernatives, the!, can ihelp to determine i f the procur,-
ment circlimstances are coni t-nt with warranty-guarantee needs.

.2.2 Esuinment []t-r

E~ui~mn.:-it fact- .<xani ,. the, bi1c siqn features of the e'luipment

being Pro- ur-, 1. rn ma;n/ -a:. s, facturu ; are under the control of tie

e l~otme~nt Lnt 1 etc sun 71- menu centrictors.

%1-4

I!



5.2.3 Operational Factors

Operational factors are related to the anticipated operational use of

the equipment being procured. Most of these factors are established by the
Government, although some contractor influences also appear here -- for
example, the ability to estimate operational R&M characteristics. While

the Government may have historical data on similar classes of equipment or
field performance for similar-technology devices, contractors may have a
wide variety of experience or no experience in the type of equipment being
procured.

5.2.4 Support Factors

Support factors examine aspects of equipment support that are not
specifically performance-related.

5. 2. 5 Economic Factor

The economic factor is perhaps the most important in Table -5-i. Unless
sufficient :-aint<nance (or other) activity is anticipated, a warranty plan
will become only a maintenance contract and guarantee compliance will be
judged on the basis of hiqhly variable quantitative estimates, which may
be challenged by a contractor if he is subject to significant cost impacts.
Chapter Six addresses the economic analysis of warranty-guarantee in detail.
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CHAPTER SIX

ECONOMIC ANALYSIS

Previous chapters have reviewed a number of qualitative factors to be
considered in deciding how or when tc use a warranty or guarantee plan.
This chapter describes methods for evaluating the economic implications of
the use of one or more incentive plans.

6.1 PURPOSE AND BASIS FOR ECONOMIC ANALYSIS

Economic analysis is performed to determine the financial feasibility

of a warranty program. The evaluation consists of determining the expected
life-cycle cost for the warranty alternative versus the cost expected to

be incurred if the system were supported under normal organic maintenance.
To perform the economic comparison, a life-cycle-cost (LCC) model is used.
Such a model has been developed as -art of this effort and it has been
formulated to represent the factors of concern related to the ground system
environment. The analysis performed can more truly be represented as a
comparative analysis since cost elements that are the same regardless of the
approach -- e.g., installation cost, power, -- are not considered as part
of the analvYois.

The model for the warranty case computes the accuisition, spares, and
preventive and corrective maintenance cost to be incurred by the Government,
together with applicable AGE, training, and data costs. The warranty price
:an be inputted or can be estimated by the model. For normal organic suc-
p'ort, the model computes the life-cycle cost, reflecting the desicnated
maintenan:e concept. The model permits alternative concepts such as differ-
ent maintenance concepts or warranty periods, to be rapidly evaluated. Table
6-1 siummarizes the cost categories considered, together with their applica-

bilit, to organic and warranty LCC analyses. Evalaation of warranty, includ-
_nc tne case in wnich an MTBF guarantee provision is included in the warrant:
71auso, is Jscusseo in Sections 6.2 and r,.3. Special considerations recard-
Lno guarantee -ost analyis at. iscussed in Section 6.4. These consiierat IIs
inu:I alt-rnative methccs for estimatiu guarantee costs .,hich, coupled
w:ith cce c: the 'a n.jl , r:rovid a basis frr economic anal.'sis.

6.2 THE FE'> F' -ApcA'T EJKT IC ANALYI5

.:arront'. yc~occic 3nalvis mv: be performed at several points in the

.e iz , :le. !-ab - suma - the ,ic lipal points of ap! ica-

t I cn. Ib 2t7 T :-. I ] i tion in mor,- lotai 1.

-. 1< ~ : - \



Table 6-1. WARRANTY COST CATE(G'JRkE.S

Appi icabil it,.*

Co)st Category. Orcganic Wrat

Maintenance arit

Acqjuisitioni x x

Initial Spares X x

Replenishment Sjpares x X

Corrective Maintenance x x

Preventive Maintenance x x

AGE x L

AGE Support x L

Training x L

Data X L

Inventory' Management x

Warranty Price -

CGuarantee Value x

Other x x

*Codes: X = Applicable, L Limited, - Not

Applicable.

6.21 Vli ~io'' ll lr occro:D(-ev(lotrment

'A t lour *larr inl_ i-i A~.uri n(o th-e : rodluction uhase, ianni og for
its oSeur :. a~ bcoji as -art as t",, val t-iation or full sc-ale eneinec-rir,g

I ' ,.loorm t pnha s- At tni-, (oit it is necv'3sa --. to de(termine the basic
economic .-)asio 1 tv of ,,arrantv o: iujrant , an- to _-valuate cossible
alrernar ie.Tynmica l'l' , 'lurioc t c oarly eo(rnic analysis can be
Made to c"te-rmn1 the effect Df ttro r, and c )ndintins as t)e': are

ado:;oe"~1 ~ If Ithe terms an, c ndlitio"-, Ire rmltdat this stace,
t&'can bo incl.1 cui*J 3s tlart ().- tht preitico RF7 wohile thert2 is s till

P mot it ic)n. In cases whert, :omn: ttiticn 1 at tVi valijiatlrcn ccc',:t, it
MaV t-) o, 5 c econiomic oo it) oil in makillc t:fial.s

* iio nwit" re-; t _- c "i of 1 ' c<ill "i' O

u ct: L n: 100It t1clc ~ci to 212

m--0 in01) 1 fC nqc 'L. It.-: it :



Table 6-2. WAFRANTY E..CONOMIC ANALYSIS

Life-Cycle Phase Purpose of Warranty Economic Analysis

%Validation/Full Scale . Determine economic feasibility of
Engineering Development incentivyes

- Evaluate various maintenance concepts
and warranty p~lans

. Evaluate alternate terms and conditions

Source Selection .Evaluate economic advantage of incentive

. Provide inputs to the decision for use
of incentive

. Provide inputs to source selection

Post-Production .Evaluate warranty cost-effectiveness

. Evaluate modifications to oriuindi
warranty program

. Acquire "lessons learned" for future

the best econonvic interest of the Government. Th-is is detefmined by ccm-
1paring the LCC with warrantcy again~st the LCC for total organic support.
The cost of a guarantee ha, to be compared with the expected rrotection. to
the Government that such a cost ren~resents.

The final decision to, use a warrantv reguiiires corsis ation or man':
factors toafther with the economics. Unfortunately, there is no precise
formula th it can be usedf to aid th-e decision. If the general ainclication
cr-iteria r:aise;. no- obsta ale- and there is a clear :o,,L ad-varitacoe tor warranty,
a toe ti- ,ion for warranty usuall ',, followsz. Conversely, the failure
to meet .cveral of th,< general criteria, combincd-, with a ccst disad9vantace
tor warranty leads *o a negative decision. There remain a number of cases
thiat ma-! fall in thc middle ground, .. those will require care-ful considera-
tilon. -ire It is :)ften necessary no (examine tine sensitivity of thle final
cosc .l a-, n pc arameters ch-ange and to consiler the level of confide-nce

Witn W, Ic' in 'uts can be acceiited. The com;nuter-based warr-ant. model
cc m~s 's5t-, he performe-_d rapicdlly, aiding the dcis ion process.

p v O:rulurct in a;;s 1rd, to oval uato

* -1 I hano- 5 Ici tht warrant: proL;Lam. Foer

i i i, ' iimcn t ma be- i !,en t i f i f- -,to 11 o)w i cc awa rcd.
:, 1I':' *1'> o': .: tclat trip e-upmorl*- -cinr' hroc'1rc~l will



meet its requirements, or the equipment may be a likely candidate for
Foreign Military Sales. An analysis may be conducted to determine the

economic impact of revised production quantities, changes in installation
schedules, or revised operational usage. Analysis and documentation fol-
lowing production award would also be valuable in providing "lessons-
learned" for future programs.

6.3 DESCRIPTION OF WARRANTY LCC MODEL

The Warranty LCC model developed is a modification of the model pre-
viously developed for RADC under Contract F30602-74-C-0271. The earlier
model, ducumented in RADC TR-76-32, Guidelines for Application of Warranties
to Air Force Electronic Systems, was developed for avionics systems. Modi-
fications were made to adapt the model to reflect the ground environment
and to incorporate several improvements. Subsequent sections will address
the scope of the model and the nature of any changes to model elements.

6.3.1 Model Cost Categories

As previously noted, the model computes applicable LCC elements for
organic maintenance and for warranty with later transition to organic main-
tenance. The following sections describe each of these cost categories.
Appendix A provides details concerning the method of evaluating each cost
element.

6. 3.1.1 Acquisition Cost

Acquisition costs include the cost of the equipment to be installed
but not the cost of spares. The acquisition costs may be the same for both
warranty and organic, but not necessarily. It is not unusual for a manu-
facturer to include such costs in a correction-of-deficiencies clause in
the contract line item for hardware. If a particular program's cost is
separately priced, it may still be appropriate to include it in the acquisi-
tion cost. An example is reliability program cost.

6.3.1.2 Initial Spares

The initial spares category includes the cost of recoverable spares
required for support. In the basic sparing theorem employed, it is assumed

that a Poisson process generates demand.

Withi respect to life-cycle cost, it is necessary to consider the spares

zost associated witli transition frnm warrant' to organic maintenance. Gen-
era~li, it the time of transi' .n, t *Lr, will be an excesa of soare sub-

mblis. The auproach iw .ume that any excess spare sub-
w-imblie will be Ii-.a ;omblei t i. -sd for reoarabl-module sparing and

t-Mat anjiti'n modulJ. d will re-uire additional purchases.

r .,rjditi"r ., a ," com ltt e:* ,: :luha< 1i or ar-.' i-xcess modules re-
aui:v r,:ui rumonts are satisfied may

1,10.ve l Ia,-. i:hc -if: i]z - ns a [ t on] . ra .-e b i, or for parts re<iui re-

m,.n = " ' :.u[.--4

,*.'*-AI.

...............................



6. 3.1.3 Replenishment Spares

The replenishment spares category comprises the cost to the Government
of purchasing expendable or throwaway modules to replace those which fail
and are discarded. It does not include parts used by base or depot repair,
which are included in labor rates; or condemned items not normally thrown
away, which are included in corrective maintenance repair costs.

6.3.1.4 Corrective Maintenance

The corrective maintenance of equipment can be divided into on-equipment
corrective maintenance and off-equipment corrective maintenance. It includes
the cost (to the Government) of labor and material to perform corrective
maintenance at the organizational level. Generally, such maintenance con-
sists of a remove-and-replace action. However, certain types of equipment

may require repair at this level.

Off-equipment maintenance consists of the intermediate and depot main-

tenance costs incurred by the Government, including labor, material, and
transportation costs. Although the specific implementation varies for each
concept, the cost elements incurred by the Government for this category will
remain the same.

For organic maintenance, the cost elements are as follows:

. Labor and material for fault verification and module replacement

. Shipping and depot labor and material for units that are "NRTS'd*"

. Shipping 3nd depot labor and material for reparable modules

. Replacement costs for condemned reparable modules

For warranty, the cost elements are as follows:

* Fault-verification base labor costs and incidental materials

* Cost of ship[ing units to anl from the contractor if the Govern-
ment pays for shinrn in

6. 1. 3.5 Preventiv ,- Yainn

The preventive maintena:,_ - :, v inludes the cost incurred by the

Government for el i-rever't iv- '.:,*nffie ri.at performed by the contractor.
This can include a resident ;tai:,... -mi:q teriodic maintenance as well
as a traveling staff tlat -erfo-m: an: ncial maintenance on a pericdic
(calendar or -. _trating time) nisii;.

:p.-:; : Not Peopairable This Station
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6.3.1.6 AGE

The AGE category includes the cost of base and depot test equipment
required to support the operating equipment. Generally, more complex test
equipment will be required for organic maintenance than for warranty. How-
ever, at transition from warranty to organic repair, additional test equip-
ment will be required, such as that needed at the depot level. Savings may
be realized because the cost of additional test equipment is discounted.

6.3.1.7 AGE Support

Test equipment operation and maintenance cost is included in AGE
support. It is calculated as a yearly percentage of the AGE acquisition
cost. Different percentages may apply for the base and depot equipment.

6.3.1.8 Training

The training category includes the cost to the Government of training
personnel to operate, support, and maintain the equipment. It includes both
contractor-furnished and Government-sponsored training, as well as additional
training that may be required at transition from warranty to organic main-

tenance.

6.3.1.9 Data

The data category includes the costs to purchase data associated with
the equipment acquisition. Data for a warranty procurement are generally
less extensive than for organic maintenance. Therefore, at transition, the
costs to purchase any additional required data are included.

6.3.1.10 Inventory Management

Inventory management costs are the annual costs of managing items in
the Air Force inventory. Only those items (parts, modules, units) which
are unique to the equipment are included. For warranty, where maintenance
is at the unit level, there will be many fewer unique items than for organic
maintenance, where depot repair will require management down to the part or
assembly level.

6.3.1.11 Warranty Price

The warranty price is the price paid to the contractor for supplying
the warranty and associated data products.

' . 3.1I.12 Guarantee Valu,

For an >TBF guaranree the model computes the value accruina to the
Government ir tle ,c ed field MTBF of the equipmcrit is below the guar-
anteed level. Such value is the discounted cost of the loaner spares con-
signed to the -overnment that will remain in the Government inventory
after the warranty; te3rminates.

-G



Although the MTBF guarantee provision may involve several MTBF mea-
surement periods and associated MTBF guarantee values, the model assumes

a single measurement (based on the MTBF growth-data input values) to be
compared with a single guarantee value. In addition to consignment spares,
there are alternative forms of remedy if a guarantee is not met. These
alternatives are discussed in Section 6.4.

6.3.1.13 Other Costs

Other costs include any LCC factors ass, ciated with a particular
procurement that is not covered by the first 12 catLgories. Examples are
costs to the Government of conducting an LCC ver1ficatiun t :"t associated
with organic maintenance, and costs to the controwr of transitioning to
organic maintenance. For the warranty alternative, rhere, are warranty

administration costs. Government costs for procedures arid staffing to
administer the warranty are included in this element. Such factors as
special data rocedures, engineering personnel at the contractor's facility,
and additional DCAS personnel might be included.

6.3.2 Model Factors

Formulation of the model required that a number of factors associated
with the use of warranty for ground systems be considered. Major factors
are reviewed here.

6.3.2.1 Maintenance Concept

The maintenance concept considers both corrective and preventive main-
tenance and sparing. Sparing levels and corrective maintenance costs have
many different possibilities because of the different warranty levels pos-
sible (subassembly or module), the type of warranty (depot, depot and field
support, and full contractor warranty), and the location of repair (on-
equipment, intermediate, or depot). The model uses an integrated maintenance
concept to incorporate the many possibilities. Essentially, the user of
the model su'ecifies a set of probabilities and pipeline times to describe
the flow of subassemblies and modules from the organizational level through
the depot level. Figure 6-1 illustrates the overall concept. A detailed
explanation of Figure 6-1, together with an explanation of the associated
probabilities, is provided in Appendix A.

In general terms, Figure 6-1 describes the flow of subassemblies and
modules from their location on the equipment back to the depot. At node 1
(the equipment) a failure results in the removal of either a subassembly or
module. (Alternatively, a fuse could be replaced, with no action required
on either a subassembly o- a module). The upper path in Figure 6-1 is the
rath that subassemblies take. Probabilities of different ,-vents occurring
at eicil node are specified by the user. For example, at node 3 (intermediate-
level maintenance) a subassembly could (1) retest "O.K." (2) be determined
ncrireuarable and sent to the despot, or (3) be repaired by removing and re-
1i aci. a module. The dashed line between nodes 3 and 6 indicates a repara-

module bein; generated on the sulbassembly path and beinq sent to the
rodule path at node 6. Once the, various probabilities are estimated, the
P-es .- ; (ssentiall;i det'-rmined the maintenance concept. Instructions for
Sstimat~ir4 th. various probabilities are also included in the detailed
-x! ]anation in Appendix A.

6-7
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Organization Intermediate Depot

1 Euipment Reparable
E Modules

Figure 6-1. SUBASSEMBLY/MODULE MAINTENANCE FLOW

The model, as part of its internal processing, computes the number of
spares required for subassemblies and modules at the base or intermediate
level and at depot levels. The quantities are computed by using specific

sufficiency criteria that consider both the probabilities of events occurring

at the different maintenance levels and associated pipeline times. In

addition, the model computes corrective maintenance requirements at each
maintenance level for both subassemblies and modules. This computation is
also determined in part by the prooability that corrective maintenance action

will be taken at a particular maintenance level.

Preventive maintenance is also considered at each maintenance level
and must be specified in terms of man-hours per operate hour or man-hours

per calendar period. Preventive maintenance cost way be applicable to both
the warranty and organic maintenance cases and is controlled by inputs made

by the analyst.

6.3.2.2 Maintenance Demands

Maintenance demands are generated by combining the number of failures

and "false pulls". The model user inputs probabilities for "retest O.K."
rates at the different maintenance levels for both subassemblies and modules.

6.3.2.3 Installs Schedule

The model permits the schedule of installs to be ir:nutted individually,
for each type of base. The schedule is inputted by year.

6-8
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6.3.2.4 Peak-Spares Computation

The model will determine the year in which the peak number of spares
is required for each support option in the period of interest. The model
performs this task for each base type inputted and for the depot.

6.3.2.5 Reliability Mua.surte

Mean time between failures (MTBF) is used as the measure of equipment
reliability. The Duane growth model with a fixed upper limit is employed
to reflect reliability growth. This permits different growth rates for
full organic support, warranty support, and organic support following
warranty.

6.3.2.6 Reliability Guarantee

The reliability guarantee is a guarantee that the system will attain
a predetermined value of MTBF, which is usually specified at regular inter-
vals through a guarantee period.

Although the MTBF guarantee provision may involve several MTBF measure-
ment periods and associated MTBF guaranteed values, the model performs
measurements only on the last period of interest. This procedure is invoked
since only the last period determines the net effect of consignment spares.

Thus the model performs a single measurement (based on the MTBF-growth-
data input values) to be compared with a single guarantee value at the time
of interest.

6.3.2.7 Inflation

The model does not consider inflation, because the model outputs are
intended for comparative analysis rather than for prediction or budgeting
purposes. Ir is therefore important that all cost inputs be made in
constant-year dollars to permit consistent analysis.

6.3.2.8 Discounting

The time value of money may be considered by using discounting. A
discount rate of zero is equivalent to an undiscounted analysis.

6.3.2.9 Transition from Warrant%. to O'qanic Maintenance

Tho model surrc that th(, G--v rnment may defer buying cc;i ort necessary
for organic :-aint-nan-" until transition to orrcanic maiitrrnance occurs.
Thesc delay,! cost, ar inluded in the model, discounted as aj-'rorpriate,
when the ,-i-] is shrorter tuan the equiiment's useful life. AGE,
tcaiin(n tt ,rcas'd fr the initial warranty' ar. assumed to have
,r7ai c maintenance recuiroent at transi-

tion. s S , im!tion not ai;,ly for a parti--ular a lication, it

rr t - hru :. an a> roriato in1 :n tlue "other" coPet catecory.



6.3.3 Warranty Price

The analyst may input a warranty price, or the model will estimate a
price. If the contractor bid values are available, they should of course
be used. The model develops the required estimate for early feasibility
studies or an independent cost assessment.

The following major cost elements are applicable to the contractor's
pricing of a warranty:

. Fixed costs -- facilities and equipment

. Warranty repair costs

. Warranty administration and data costs

. Risk

. Profit

The generic warranty price estimation equation is as follows:

(Rik \Proit' ~/Fixed \Other~
Warranty Price a F rx Direct Yearly

/ \Cost/ Co st

t/Number \i
( e)of Discount Corrective

a F o Maintenance
Warrant i ( Facto,: Cos )

Years/ \ Cost

\/Percentage

/Preventive\ xi Discounts Ifor Data and

+IMaintenance1 1  \ Factor Administra-J(
Cos /1 \tion Costs/I

6.3.3.1 Risk Factor

The risk factor is a single parameter incorporating the risk costs
associated with the warranty. Rather than consider risk values for each
of the cost elements, the contractor may price the warranty by using best
estimates and then adjusting total warranty by a risk factor or, equiva-
lently, using a higher profit factor. This simpler approach is used in
the model. The risk factor has the following form if the warranty period
is TW years:

RSF = (I + RSK)

where RSK is the risk factor for a one-year period expressed as a decimal.

it is r:etud that as the ,warrantv period increases, so does the risk
fa:ctor. The risk factor has a com ond-interest form, so that the risk

,p-yar nf .-.arrant-* incroases as the warrant. period increases, which is
ri--a- I mor- r,2alistic than a siml 'I-int .rest form.

- ¢



6.3.3.2 Profit Factor

The profit factor represents the usual percentage of profit normally
applied to Government contracts. In actual practice the contractor may com-
bine the profit and risk factors. However, in the oeneric equation shown
above they are separated to show the two separate fL.ctors that affect price;
their separation also simplifies sensitivity analysis.

6.3.3.3 Fixed Direct Costs

Fixed direct costs represent special facilities and equipment that
will be required to implement the warranty and that will not be included as
part of overhead in the labor-rate data input. This cost element will be
zero in many cases if all such fixed costs are included in the overhead
factor for labor rate.

6.3.3.4 Other Yearly Costs

Included in other direct yearly costs are those costs, not included in
other categories, which are dependent on the number of years of warranty.
Examples are warranty data reports, test equipment support, technician
training, bonded storeroom, and module sparing. If ODYC represents the sum
of these other direct costs per year of warranty, the total other direct
costs is given by the equation

TODC = ODYC : Tw
where TW is the warranty period in years.

6.3.3.3 Discount Factor

A significant portion of the contractor's expenditure for warranty
takes place in the future. Therefore, discounting is necessary for analyses
performed on a present-value basis. It is assumed that all hut fixed direct
costs will be discounted.

6.3.3.6 Corrective and Preventive Maintenance Costs

The contractor, depending on the particular warranty concept chosen,
could be res-onsible for corrective maintenance of subassemblies and modules
at all three maint;,nance stations (Organizational, Intermediate, and Depot).
Tis cost i_ _julater. !" two means. A fixed number of man-hcurn per month

can be establish ,crrective maintenance purposes. This ignores the
actual s'::term d,.c i. A second means is to culculate the reuicrd re air

:- '- .te - n . oth :iants are ?mi 1 ,\ed in the com-

1 cc,,>- < : .s5 th. ] .: value, which it then multiplies
-he 1 oo t. the o:st-. '?.ii ,ust is computed ccn a yearly

o-i i -W *, ,: r m te.
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The contractor, depending on the particular warranty concept sele:cted,
could be responsible for preventive maintenance at all three maintenance
stations. Like corrective maintenance, the preventiv( maintenance is cal-
culated from a fixed manpower loading and frequency of service. The larger
cost is chosen by the model. This cost is computed on a yearly basis in
the computer model.

6.3.3.7 Data and Administrative Costs

Warranty data and administration costs include the variable contractor
costs associated with administering the warranty and the costs of activities
associated with data collection analysis. A simple expedient is used for
this cost factor: the total warranty repair costs are multiplied by a con-
stant factor to yield the warranty data and administration costs.

6.3.4 Life-Cycle-Cost Computation Alternatives

The model permits life-cycle costs to be calculated over the prescribed

life cycle for four cases: (1) total organic maintenance over the life
cycle; (2) a warranty for TW years, followed by organic maintenance for the
remaining years; (3) warranty over the complete life cycle, with no costs
for transition to organic maintenance, and (4) warranty over the life cycle
considered, plus costs to acquire complete organic maintenance capability.
The difference between cases (3) and (4) is that for the former it is
essentially assumed that the equipment will be phased out after the pre-
scribed life cycl, while for the latter the equipment will still be used
and transition ex nditures will have to be made, such as for AGE, training,
and data. Appendix : v-rovides detailed instructions for use of the model.
Chapter Nine contains an illustrative example of its use.

6.4 GUARANTEE CIST ANALYSIS

In the Chanter Five discussions of guarantees, three forms of remedy
were identified as compensation from a contractor in the event that speci-
fied guaranteed -alues were not met: cash, material (perhaps in the form
of cocqiarnment spares), and services. The choice of a remedy will affect
both the coitractor's cost to provide a guarantee and the value that will
accrue to the Government from the guarantee. The former (contractor's cost)
is primarily applicable to pre-bid analysis and is examined in Sections
6.4.1 throuqh 6.4.3. The latter (value to the Government) is primarily
applicable after bids are received; this aspect is discussed in Section
6.4.4.

.1.1 -ash Remedies

When a guar :ntee incorpora - - a z -r.en t schedule or pa-ment adjustment
3<01e00 as a romecy, the anal-s _s a -ontractor's potential oblication
1 :uiteu<* Qt. In this ca_- -in -onstruct a schedule that relates



the contractor's financial obligation for each achieved value of the quar-
anteed, iarameter. Figure 6-2 is an example of such a schedule- for the.
rdllowiny situation:

The cquaranteed MTBF is 500 hours (in accordance with coy~traLtua1Jy

sp-ecified measurement methods).

If the achieved MTBF is between 400 and 500 hours, the_ contractor
returns to the Government $10 per system for each of the_ hours short
of the 500-hour q oal.

If the achieved MTBF is less than 400 hours, the contractor will
return to the Government $1,000 per system, plus $20 p-er system for
each of the hours short of 400.

4

3
Payment rate,

$20/hour

2

11

Paymernt rate-,
$ 0/our

10200 30o 45 U, , r

Achieved MIE (Hours)

Fi~-ure 6-2. MTBF GUAR.NTEE SCHEDULE OF P.AYMENT7S

hecontrictor diec cost is shown on the paym nt scheduie. H is
actual c7osts must also cnv r those efforts needed to implement and administer
the ciuarantee orff~<is his rcontract. These efforts could includle data

col1Loctio and inal,;._;is, report proparar ion, failure- arai', and ossibly
f i id v'sit. ti fail ir "-mtncs \s'-f ativi ties

C)11~~~~ (i-- 1-j-~I 'h i 1 of efftort e ii ac~hiesece

'aver faliiut r 1DI and field trii- activi' _o-zmI e _x~ected

ic as l~ aymnt seu edult a~*~ n MITBF
!,- rd t j o c -in le-(-I d f o r t ma i ti ino Iiit,

i'1a 1 
i'± mdes'-'AUVt'' ~ -~:in ~m-utr
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6.4.2 Material Remedies

Under many existing MTBF guarantees, the contractor is obligated to
supply consignment spares to the Government at no cost if guaranteed values
are nct met. With either a reliability or maintainability guarantee,, it is
possible to require a contractor to supply additional intermediate or depot
test equipment if guaranteed values are not met. Some combination of these
requirements can be made part of an availability guarantee.

The warranty-organic LCC model described in this chapter estimates
the costs of consignment sp ares under the following assumptions:

The service will support the equipment with a fixed number of spares
(N) that is related to demand rates and a specified probability of
sufficiency.

The contractor can be required to supply up to N consignment s, ares

where the actual number is given by
N(consig4nment) = N x min M -1, i1

where G = guaranteed MTBF and M achieved MTBF.

With' th-.3 , assumptions, Figure 6-3 shlows the schedule of required spares as

a function of achieved MTBF.

5N

.T

Patio of Guaranteed to Achieved MTBF

~ ~..,;E Dr;LE rCF!:.I;M SPA-ES -,'. TYPICAL '.TrF -,tARNNTLEE
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In theit LC&- model, the MTBF guarantee is applied to ano wccdda
thef subsystem level, andI the cost of a consignment sp~are ic; set LOUua tr-
that of A production item. The contractor's actual cost to LuilId a con-
si gnm-oi L spare can vary significantly dependiny on the business strat -<ax.
he adapts toward th urne.For examplte, ho can choose t ul .t..

tial consignment spares in parallel with production line-. efforts. The cost
.. f these units will then be (approximately) the incremental un *it cost for
the2 last prioduction unit. On the other hand, the contractor canl choose to
use (guarantee mnoney to intensify failure analysis efforts c-r fie-ldrvic
to identify failure patterns. Or, on the basis cf earl- field xrim
or other information, a contractor might decide to "wait and e. Then,
if consignment spares are required, he risks having to pay prerriurt p.rices
for parts, lorng-leud items, and perhaps even labor ro-quiredJ to- deliver
under the guarantee.

As in thnt case )F t-he cash remedy, the contractor's price for a mater-ial
remedy can include more than the spadres indicated in Fiue6-3. Costs fcor
data collection and analysis, report preraration, failure an.-i s~s, and fil
visits can also apply to the material remedy.

manuals, tost cquimEcnt, -tc.) to r md the situation.

Thsis the most -difficuilt aitternativz- to aahlv- em i
uoms ao aent'snn oe ins to Is.e :a sc:hedul, -ofcatra c

ve~rsus in ac.ii-vec:, Larom-t-r.

To illustrate this point, assume that the intermediat-e repair level
MTTR is guaranteed to be 2 hours an rar nder appropriate con(dit- 'ns,
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Th guarantee cost estimate for this remedy has the form

Guarantee Cost =Cost (Engineering) + Cost (Implementationi)

We assume that an engineering effort is required to identify the source of
the problem and to develop change-s or modifications, as required, to cor-
ruct the problem. The implementation effort includes those costs necessary

to produce modification kits, hardware changesz, manuals, or test equipment
changes.

6.4.3.1 Engineering Effort

Figure 6-4 illustrates the construction of a contractor cost schedule
for the engineering effort associated with a services guarantee. Although
we will assume a ir-liabilt guarantee, the analysis is essentially unchanged
if other parameters are used.

In Fioure 6-4 (a) , thle abscissa identifies the guarantee parameter in

terms of the applicable units (for a reliability guarantee, this could be
MTBF) , and the- ;uarantee ivalue V0 is shown. The ordinate re-presents con-
tractor cost, and in :uC~ -4 (a) Cas3sume chat the contractor will Incur
a minimum c:ost (C~nc~ 0 ) whe2never the measure d value ' lis below Vg.-

In Fiqure 6-4(b) we have identified a s3econd point on the cost schedule.
Let Vmin be the miniimum valu- of the guaranteed p.aramcter that could reason-

ably., be exoected in fiold orain Let . C be thel cost of a r(oliabili tv_

e~ineirgand analvsi proor am (ind-ependent of the- fixed :O0st -M41) thnat

would' iimv rov-e the dAes i n from V,,L t o V". Two wa,.'w- to estimate, V -I a nd-
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Finally, we can generate a curve connecting the two previously estab-
lished points if we make some assumption about its shape. In Figure 6-4(c)
we have assumed that the cost (above the Cmin value) grows as the square of
V - Vg. While various exponents could be used, this "square of the error"
approach is mathematically simple and reflects the fact that, whatever cor-
rective action is available for small differences, successive increments of
improvement become increasingly expensive as achieved performance moves
farther away from the guaranteed value. For example, if an equipment fails
to meet an MTBF guarantee, then a higher-quality mix of parts and increased
equipment burn-in requirements can produce certain improvements. However,
a point is soon reached where thermal redesign, circuit redesign, or custom-
produced parts may be required at substantially higher cost per unit increase
in MTBF.

The equation for the engineering-cost curve shown in Figure 6-4(c) is

Cost(Eng) = ( C (V - V) + C n, V . < V < V (6-1)
(V-V. min g m n mn - - 9

V
If we set p = (the ratio of achieved to guaranteed parameter values)

g

2 mm
Cost(Eng) = AC U- P)+ C --- p < 1 (6-2)

g min mi'V9

This is a convenient form for analysis since the dimensionless variable
p appears in a single factor that is separated from the other parameters
related to the problem.

Equation 6-2 was derived on the assumption that Vmin is less than Vg
(as would be the case for an MTBF guarantee). Only minor cnanges are
required to analyze the situation in which equipment is deficient when the
achieved value is greater than a guaranteed value (i.e., MTTR or failure
rate guarantees). This case is shown in Figure 6-4(d). Here Vmin is
replaced with a value Vmax > Vg, and the equation for the curve is

Cost(Eng) = AC (p -- ) +C 1 max (6-3)
ma- g g

where, as before, p = V is the ratio of the achieved to the guaranteed
vq

values for the equipment.

Finally, in using Equation .-2 or 6-3, the analyst may need only to
apply them to a portion of a system. For example, assume that the system
has three subsystems and that the contractor, the Government, or botl,
already have extensive field experience with one subsystem. If it is
believed that this subsystem is unlikely to contribute to failure to meet
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a guarantee, the analysis should be based on the two subsyst-ns that are

potential problem areas.

6.4.3.2 Implementation Effort

For a services guarantee, the cost of implementation includes the costs
necessary to produce modification kits, manuals, or test equipment modi-
fications or hardware changes that are identified and developed during the
engineering effort. Installation costs for these changes or the costs of
physically modifying equipment or supporting items are not included in these
costs, because many contracts require only that a contractor deliver appro-
priate modification kits or equivalent items. If a specific contract has
other requirements, the cost of meeting them must be calculated separately.

Let A represent the part of the equipment that is expected to be
affected by the modification effort. Let CA be the average production cost
of A. Then, at the time a modification occurs, the replacement cost of A
can be represented by k(CA) where k is a scaling factor that relates the
replacement cost to the average production cost. The factor k could be
greater or less than-1 depending on the size of the production run, the time
at which the modification is required, and the nature of the changes that
are expected to implement the modification (e.g., simply a change to higher-
quality parts or a thermal redesign of a printed circuit card).

Finally, let pA represent the fraction of A that is affected by the
modification (0 < pA < 1). Then the recurring cost of the modification is
given by

C = (pA)k(CA),r

and the the implementation cost over a population of N items is

Cost(implement) = N(pA)k(CA) + C (6-4): nr

* where Cnr represents the nonrecurring production costs for the modification.
Equation 6-4 can be transformed into more basic parameters. Assume that CA
is X percent of the average system cost(CS). Then

CA = X(CS)
100

NX(CS)
N(CA) =

100

But N(CS) is the production cost estimate for N systems. If we represent
this cost 1-y CP, then Equation 6-4 becomes

Cost(implement) (pA) kX(CP) + C (6-5)
100 nr
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where

CP = original production cost estimate for N systems

X = percent of system cost represented by subsystem to be modified

k = scaling factor that reflects ratio of replacement cost to
original cost for modified subsystems

pA = portion of subsystem affected by modification

Cnr = nonrecurring cost to produce modifications

6.4.3.3 Example

This subsection examines how these cost equations might be applied to
a hypothetical procurement in which the MTBF guarantee requires development
of modification kits if achieved MTBF falls below a guaranteed value.

System S consists of three subsystems: A, B, and C. Costs of a $5

million development program can be allocated as follows:

Item Cost ($ Millions)

Subsystem A development 0.9

Subsystem B development 0.9

Subsystem C development 1.3

R&M program 0.5

Prototype development 1.4
and other costs

Subsystems A and B are believed to be low-risk items under an MTBF
guarantee on the basis of previous experience with similar designs. Sub-
system C is to be guaranteed at 5,000 hours, and it is unlikely that it
will exhibit less than 2,000 hours in the field. If the fixed costs for an
engineering investigation of a deficient design are $0.05 million, what is
the engineering cost estimated to be?

There is one item of information missing in this discussion: to what
achieved MTBF level should the redesign effort respond? We will choose

4,000 hours as a baseline and 3,500 and 4,500 hours as checks on sensitivity
of the resulting estimate. From the given information, Equation 6-2 is
used to compute.

Cost(Eng) AC (1 - p) 2 + Cm
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where

AC = $1.5 million, which is the development cost of subsystem C
plus 40 percent (an allocation) of the R&M programs attributed
to the subsystem

V = 5,000 hours
g

V . = 2,000 hours

= 0.8 =4,000 hours achieved

5,000 hours guaranteed

C. = $0.05 million

505,000 2 2
Then Cost(Eng) = 1.5 i5 000 - 2,000 (1 - 0.8) + 0.05

= 0.17 + 0.05

= $0.22 million

To test sensitivity:

3,500 hours achieved MTBF corresponds to p = 0.7 and Cost(Eng) =
$0.43 million.

4,500 hours achieved MTBF corresponds to p = 0.9 and Cost(Eng) =
$0.09 million.

To estimate implementation costs, assume that 100 systems are being
purchased at $250,000 each and that the average production cost of sub-
system C is $100,000. Further, by the time modification kits were developed,
the replacement cost would be 20 percent higher because of inflation.
Finally, if subsystem C is modular in design, assume that only 20 percent
of it would be affected by the modification and that the nonrecurring pro-
duction costs would be $100,000. Equation 6-4 is used to compute

Cost(Implement) = N(pA)k(CA) + Cnr

where

N = 100

pA = 0.20

k = 1.2, ratio of replacement to production cost

CA = $0.1 million

Cnr = $0.1 million

Then

Cost(Implement) = 100(0.20) (1.2) (0.1) + 0.1

= $2.5 million
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The total cost for the guarantee is

Cost(Total) = Cost(Eng) + Cost(Implement)

= 0.22 + 2.50

= $2.72 million

This represents less than 11 percent of the system price of $25 million.

The major subtotal in these implementation costs varies directly with
either N, the quantity affected, or pA, the proportion of the system expected
to be affected by the modification. If, for example, pA were estimated to
be 0.10 or N were only 50, then

Cost(Implement) = $1.3 million

If the pA -0.10 assumption is used, the total cost is reduced to $1.5
million, or 6 percent of the equipment acquisition price.

6.4.3.4 Summary of Services Guarantee Cost

The services guarantee cost is the most difficult to estimate of all
those examined in this report. At the same time, any estimating procedure
will provide a volatile estimate because of the nature of the assumptions
that support the estimate.

6.4.4 The Value of a Guarantee

The preceding sections have addressed methods for estimating guarantee
costs. However, once a bid is submitted as part of an offerer's cost pro-
posal, the Government has the problem of determining whether on not accept-
ing the bid is in its own best interest. The problem can generally be
stated as follows (see Figure 6-5):

Let LCC (X = X0 ) be the life-cycle cost of a system when the value of
the guaranteed parameter X(such as MTBF) just equals the guaranteed value
X0. If the Government buys a guarantee for X at a price of G(X0 ), system
life-cycle cost becomes

LCC (X = XO) + G(XO)

But this price is exactly the LCC for the system at a lower value of X, say

X1 X0

Thus the decision to buy the guarantee can be restated as follows: "If you
expect the system to perfor" at X > Xl, do not purchase the guarantee. If
you expect th. system to perform at X < X1 and if the guarantee and other
circumstances of procurement and deployment are such that X can be made
greater than X1 , then purchase the guarantee." This condition reflects
the breakeven point of a guarantee. Depending on the results to be expected
without or with a guarantee, the price of a guarantee will be a better or
worse "investment" in terms of return per dollar invssted.
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In the following subsections, this analysis is applied, by example, to

ahypothetical procurement.

6.4.4.1 MTBF Guarantee Evaluation

once a bid is made on an MTBF guarantee, the decision whether or not

to accept it depends on a number of assumnptions that are made by the office
that issued the solicitation. For example, assume the following:

1. If the measured MTBF exceeds that guaranteed, the contractor will
take no action to improve MTBF.

2. If the measured MTPF is lower than that guaranteed, the contractor
will take action to bring the MTBF up to the guaranteed value.

3. The MTBF guaranteed bid is X dollars.

Figure 6-6 is a hypothetical schedule of LCC versus MTBF. If an MTBF of
MTBF(G) is met, the corresponding LCC will be LCC(G) (point G). If it is
assumed that the contractor's bid to guarantee MTBF(G) is X dollars, the
LCC is increased to LCC(G) + X, which is denoted by LCC(B). LCC(B) cor-
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responds to MTBF(B) (point B), which is less than MTBF(G). Then the fol-
lowing choices are available:

If the achieved MTBF is expected to be less than MTBF(B) without
the guarantee, then the guarantee bid should be accepted. Under
assumption 2 above, the contractor will take action necessary to
bring the MTBF up to at least MTBF(G).

If the achieved MTBF is expected to be above MTBF(G), the guarantee
bid should not be accepted. Under assumption 1 above, the con-
tractor will take no action to improve the MTBF.
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If an achieved MTBF between MTBF(B) and MTBF(G) is expected, the
bid should likewise not be accepted. If it is, the contractor is
expected to improve the MTBF; but acceptance of the bid raises the
LCC to a point above LCC(B), and all MTBFs above this point already

have LCCs less than this.

Figure 6-7 shows the LCC versus average MTBF for a five-year warranty
period. Data for the figure were obtained from model runs used for the
sample application developed later in Chapter Nine. The LCC includes the
price for a five-year warranty but does not include a price for an MTBF
guarantee. As can be seen from the figure, if an average MTBF of 3,500
hours is obtained, the LCC is $18.04 million. If the contractor bids
$200,000 to guarantee this value, the resulting LCC of $18.24 million
equates to an average MTBF of 2,700 hours. Therefore, if an average MTBF
below this number is expected, the bid should be accepted; otherwise, it
should be rejected because the bid price increases the LCC to a higher
value than that for 2,700 hours.

6.4.4.2 Availability Guarantee Evaluation

The evaluation of a bid on an availability guarantee is more complex
since two independent variables, reliability and maintainability, are used
in the calculation of availability. However, one approach is to begin with
assumptions similar to those used in evaluating the MTBF guarantee. For
example:

1. If measured availability exceeds specified, the contractor will
take no action to improve availability.

2. If the measured availability is less than the specified, the con-
( tractor will take sufficient action to bring availability up to

the specified value.

3. The specified availability is 0.90, and the expected MTTR and MTBF
values are 10 and 100 hours, respectively.

Figure 6-8 shows hypothetical LCC estimates for five combinations of
MTTR and MTBF centered on the nominal values of 10 hours and 100 hours,
respectively. In Figure 6-9 iso-LCC curves have been drawn. These are
approximations for the purposes of this example. The $9 million curve
passes through (5, 100); the $10 million curve passes through (10, 100), the
the nominal values; the $12 million curve passes through (15, 100).

The complexity of the evaluation problem becomes apparent in Figure
6-10 when iso-availability lines representing 0.85, 0.90, and 0.95
availability are added. The iao-cost and iso-availability lines are not
parallel. In Figure 6-10 there are MTBF and MTTR combinations that meet
tne required availability at a higher or lower LCC than the specified point
(e.g., points P and Q). On the other hand, there are points with the same
LCC as point (10, 100) that do not meet the availability specificauicn
(e.g., point R).
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The value of the availability improvement expected under assumption
2 is difficult to evaluate. For example, point R, which does not meet the
specified availability, has a lower LCC than point P, which does meet the
goal.

Assume that initial availability measurements place the design at
point T. If the contractor chooses only to improve reliability to meet
the 0.90 requirement, this improvement would reduce LCC by $1 million to
$2 million. If he chooses only to reduce MTTR, there is a different effect
on LCC. To judge the potential worth of an availability bid, one must make
additional assumptions on the improvement path the contractor will take (or
the paths that might be available to him).

In this example it is assumed that the decision to accept or refuse an
availability guarantee bid is strictly an economic one. For situations in
which the availability need outweighs economic considerations (e.g., because
of system criticality or other consequences of nonavailability), the fore-
going analysis can only suggest the economic worth of the guarantee. If
the bid price is above this amount, the excess represents the "premium"
the Government must be willing to pay to achieve the specified availability.

6.5 SUMMARY

The economics of a contemplated warranty procurement is one of the most
significant quantitative criteria for warranty evaluation. Use of the model
for this evaluation requires several data inputs pertinent to the system,
the Air Force, and the contractor. The economic analysis can compare life-
cycle costs under a warranty with life-cycle costs where no warranty is
employed. Such features as discounting, maintenance demands, warranty
price, install schedule, cost of transition, and reliability measure are

included and quantified.

The economic model is a trade-off between simplicity of usage and com-
plexity of scope; it is valid for modeling the several aspects of a life-
cycle-cost analysis. Several sensitivity analyses can be accomplished by
employing a special data-change feature that allows the user to cycle
through the program interactively without changing the initial input data
files. Summary output data of pertinent aspects of LCC analysis are printed,
and an option to print more detailed information is provided. The model also
includes an MTBF guarantee that assigns a cost value to consignment spares
and results in reduced life-cycle cost. Chapter Nine is a case study of a
sample equipment that demonstrates the use of the model in performing an
economic analysis.
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CHAPTER SEVEN

WARRANTY-GUARANTEE PROVISIONS

This chapter is a discussion of provisions that are applicable to the
warranty-guarantee concepts and plans introduced in Chapters Three and Four.
The material is based primarily on three different sources: provisions
previously developed in RADC TR 76-32, lessons learned from various applica-
tions of warranty, and the special circumstances encouintered in the ground
electronics area as discussed in Chapter Two.

Although there are advantages to making provisions consistent between
two separate procurements (e.g., in warranty administration), the special
circumstances of a given procurement will preclude a "cook book" approach
in most cases. Therefore, this chapter addresses provisions in general terms.

Special attention is given to cases in which a particular provision varies
depending on the level of warranty or on the type of guarantee being applied.
On the basis of information presented in this chapter, Appendix D provides

specific language that may be used to construct a set of contractual warranty-
guarante-e provisions.

7.1 WARRANTY

Warranty provisions typically include three major parts:

" Part I - Statement of Contractor Warranty

" Part II - Contractor Obligations

" Part III - Government Obligations

Although the particular provisions required under each of these parts

will depend on the specific application of interest, the following sections
address key provisions that must be considered. In addition, they address
situations in which a particular provision will vary depending on the level
at which the warranty is applied.

7.1.1 Part I: Star :,enc of Contractor Warranty

7.1.1.1 Warrant,/ Statement

The warranty statement is the basic provision indicating that the
contracti-r warrants that equilment furnished under the contract shall be
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free from defects in design, material, and workmanship and shall operate
in its intended environment in accordance with specifications, technical
exhibits, drawings, and approved technical orders for the warranty period
set forth. The warranty statement will be basically the same for the three
different levels of warranty discussed in Chapter Three. The differences
in the warranty levels will be accounted for in the technical exhibits
cited or in the description of maintenance services to be provided. For
example, where the contractor assumes full responsibility for all maintenance
required by the equipment, such as in the depot, field support, and on-
equipment warranty, it may be necessary to prepare a separate document that
describes the services to be performed. This document is incorporated into
the warranty statement by reference. (An outline of such a document, with
explanatory comments, is provided in Appendix E.) For example, in a
redundant system with high reliability, it may be desirable to have the
Air Force perform preventive maintenance only and have the contractor per-
form all other maintenance. The basic warranty statement would define this
arrangement in general terms, but the details would be spelled out in a
separate document and incorporated into the warranty statement by reference.

7.1.1.2 Corrective Action

Under the depot warranty, failed equipment is returned to the contrac-
tor's repair facility and repaired by the contractor at no additional cost

to the Government. A repair verification and test procedure is normally
cited in the warranty provisions to verify that the failed item has been
returned to servicable condition.

Under the depot and field support warranty the contractor is required
to accomplish intermediate-level maintenance actions as well as depot-level
repair. In this case, as well as under the depot, field, and on-equipment
support warranty, detailed procedures may have to be spelled out in a
separate document. For example, under the depot warranty Defense Contract
Administrative Service (DCAS), or Air Force Plant Representative Personnel
(AFPRO) will usually be available to verify that the required corrective
action has been taken. However, in the other two cases, particularly for
on-equipment maintenance, detailed procedures are required (1) to specify
the corrective action required, (2) to indicate who will verify that it has
been accomplished, and (3) to define the document or procedures for verifi-
cation.

7.1.1.3 Unverified Failures

For the depot and field support warranties it is expected that a
certain percent of the units removed by Air Force on-equipment maintenance
personnel will "retest OK" (RTOK) when received at the contractor's repair
facilities. Because of the cost incurred by the contractor in processing
these units, the warranty provisions normally specify a maximum number (as
a percent of total units returned) that the contractor will be obligated
to process without additional reimbursement. Values between 10 and 30
percent are normally cited for electronic units. However, on occasion,
where the competing contractors are given the incentive during development
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to design extremely reliable built-in test equipment (BITE), the provisions
could state that all units returned, including RTOKs, will be processed at
no additional cost. This provision would tend to compensate the Air Force
for the cost of returning good units if the BITE is not meeting specifica-
tions. It would also encourage the contractor to recommend improvements in
his BITE design or failure verification procedures in the equipment technical
orders. When a maximum number of RTOKs is specified, the provisions will
include a stated dollar reimbursement the contractor is to be paid for
processing each return above this number. For the depot, field, and on-
equipment warranty, unverified failures would be entirely the contractor's
responsibility. His own expense in processing RTOKs would encourage him
to seek improvements.

7.1.1.4 Exclusions

Failures that are outside the contractor's control are normally ex-
cluded from warranty coverage. Examples are failures that result from fire,
lightning, flood, and explosion. In addition, for the depot warranty and
the depot and field support warranty, unauthorized maintenance or improper
treatment could also be grounds for an exclusion. To preclude unauthorized
maintenance, warranty seals are usually installed. Seal breakage coupled
with other evidence of unauthorized maintenance normally excludes warranty
coverage, and the item is repaired under a separate repair arrangement. The
DCAS or AFPRO personnel normally certify that an item should be excluded
under the depot or depot and field support warranties. For the depot,
field, and on-equipment warranty the only exclusions permitted should be

those due to acts of God, such as lightning or flood.

7.1.1.5 Warranty Coverage Period

In existing warranty contracts the period of warranty coverage has
been stated in calendar time, operating time, or a combination of the two.
The best method to use will depend on the particular application. Fortavionics equipment, which represents the majority of existing contracts,
operating hours are particularly significant. For example, an avionics
equipment may be operated only 40 hours per month out of a potential 720
hours. However, many items of ground electronic equipment operate 24
hours per day, 30 days per month, and they are "down" only for corrective
or preventive maintenance. Equipments in this category include ground

radar and navigatio.ial aids.

Table 7-1 describes a number of alternatives available for the warranty
coverage period. Experince with existing warranty contracts indicates that
when the warranty period begins upon Government acceptance of the equipment,
using the fixed calendIr period results in a waste of warranty coverage if
the equipment is not put into operation soon after acceptance. For avionics
equipment this situati,)n occasionally occurs when there is a delay in retro-
fitting the equipment in the aircraft. When the warranty period for ground
electronic uipment is being consijered, the following factors are important:

Installation - Some types of equipment will be -laced in operation
shortly after Government acceptance; however, other types (e.g.,
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long-range radar equipment) may require an extensive period for
installation at the using site. In this latter case it would be
beneficial to have the warranty period start at the time installa-
tion is completed and the equipment is actually placed in operation.

"Quantity and Number of Site Locations - A large number of units
creates administration problems if a common warranty end date is
not used. For example, a mix of both warranted and nonwarranted
units creates inventory control problems. For a relatively small
number of units or using locations, staggered warranty end dates
are more easily managed, and they more readily permit the warranty
period to begin on individual equipments after installation is
completed and to end following a stated calendar period. For
large quantities of ground equipments, warranty administration will
probably dictate a common end date.

Operating Hours - As indicated above, many items of ground electronic
equipment are operated 24 hours per day, 30 days per month, and are
"down" only for preventive and corrective maintenance. For this

reason most using commands and AFLC assume an operating time of
720 hours per month per installed unit in computing availability
or MTBF and do not maintain separate operating logs. For many items
of ground equipment, using 720 hours of operating time per month
would be an adequate basis for warranty coverage as well. As a
result, the warranty coverage period can be stated as a calendar
period with an assumption of around-the-clock usage. For situations
in which the equipment is used on a shift basis, an operating log
or an elapsed-time indicator may be used.

Equipment Reliability - The warranty period should be long enough
to provide strong contractor incentive for achieving and maintaining
acceptable reliability. As a minimum, the period should be long
enough that at least several failures of each delivered equipment
would be expected.

Warranty Costs - On a per year basis, warranty costs should decrease

as the warranty period increases since nonrecurring costs are amor-
tized over a longer period and contractor "learning" takes place.
This is especially true where the contractor is responsible for
all mainitenance and will probably invest in both physical and
personnel resources to perform required activities. The model pre-
sented in Chapter Six is a means for evaluating the Economic impact
of alternate warranty periods.

7.i.1.6 Warranty Price

The contractor's price for the warranty, together with any associated
options, is usually included in the contract cost schedule. The warranty
itself will usually be an optional item; in addition, different warranty
periods and the extent of warranty coverage could also be separate options.
For example, the competitors cou.ld be asked to bid separate prices for a
depot warranty and a depot and field support warranty.
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7.1. 1. 7 Contract Price Adjustments

Contract price adjustments may be needed because of the following:

" Units being lost or damaged beyond repair. In the event a warranted
unit is no longer subject to repair, an equitable adjustment should
be made in the contract price.

" Operating-time adjustment. If the warranty coverage was based on
operating time per calendar period, provisions should be made for
adjusting the contract price for deviations from that originally
agreed upon for pricing purposes. To minimize making small changes,
a range such as + 5 percent is often cited within which no adjust-
ment will be made.

" Unverified fairures. As stated in Subsection 7.1.1.3, the provisions
normally specify a percent of the total returns that the contractor
will process without a price adjustment. In the original bids the
contractors should st te this percent and the cost per unit for
processing returns above the stated value. In the event the value
is exceeded, the previously quoted price will provide a basis for
the price adjustment.

" Exclusions. Items excluded from warranty repair due to mistreatment,
seal breakage, etc., are usually repaired under a separate time-and-
materials repair contract. However, on occasion, it w"' be desirable
for administrative purposes to provide that exclusions which can be

repaired under a stated dollar amount be repaired under the warranty
contract.

The warranty provisions should indicate which of the above adjustments
are applicable, the mechanism by which adjustments will be made, and the
dates on which adjustments will be made.

7.1.2 Part II: Contractor Obligations

Past II of the agreement details many of the specific obligations the
contractor must comply with to meet the terms of the warranty set forth
in Part I. For a depot-level warranty it will normally be possible to
define these obligations within the provisions; however, for the field sup-
port and on-equipment warranties it may be necessary to define these obliga-
tions in more detail. Appendix E outlines this procedure.

7.1.2.1 Warranty Markings and Seals

The contractor is obligated to provide suitable label, on the units
to indicate that they are covered under warranty. Where the warranty period
does not start until after installation, a final warranty label may be
affixed in the field. For example, if the contractor actually installs the
equipment, as may be the case for many ground equipments, one of his final
actions will be to install the warranty labels and, if necessary, seals to
preclude unauthorized maintenance. Alternatively, if the Government performs
the installation, the contractor may provide a field representative to ensure
that the installation was accomplished correctly in accordance with established
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procedures. This field representative, after verifying correct installa-
tion, then affixes the warranty markings and seals.

7.1.2.2 Warranty Pipeline

The warranty provisions should specify both contractor and Government
responsibilities relative to the repair pipeline. Provisions regarding
contractor secure storage areas, repair turnaround time requirements, etc.,
will vary with the level of warranty. The following subsections describe
alternative pipelines.

Depot Warranty

The prevailing depot warranty repair process for the Air Force, illus-
trated in Figure 7-1, comprises the following sequence of events:

1. A warranted unit suspected of failure is tested by military per-
sonnel at the using activity to verify the failure.

2. If the unit tests "good", it is put back into service or sent to
supply as a ready-for-issue spare.

3. If the unit tests "bad", it is shipped, with appropriate data, to
the contractor for repair.

4. The contractor receives the unit and verifies the failure and
warranty coverage.

5. If the failure is not verified or is not covered by the warranty,
corroboration by a Government representative is obtained. To
cover exclusions, a separate repair contract is usually awarded
to the contractor.

6. Repair of a covered failure is performed at no additional cost to
the Government, and required data records are prepared.

7. The repaired unit is usually placed in a secure storeroom main-
tained by the contractor, pending disposition instructions from
the Government.

Concurrently with step 3, a notice of failure is sent to the contrac-
tor's secure storage area and to the Item Manager (IM) , with information
copies to other parties as appropriate. A requisition is processed to the
IM, who issues a Material Release Order (MRO) to the contractor. The MRO
directs that a spare be sent to base supply. The spare will normally reach
the base before the failed unit physically reaches the contractor. This
shortens the equipment pipeline significantly and, for a ( :iven mission
sch,-dule, reduces the assets needed to support the schedule.

Denot and Field Support Warranty

Under the depot and field supiort warranty, the contra tor provides
field support at the intermediate level of maintenance in addition to depot-
level repair. Figure 7-2 illustrates one possible pijeline arrangement
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for this type of warranty. It is anticipated that, to the maximum extent
possible, all failures will be repaired by the contractor at the intermediate
maintenance level and that only those requiring special depot facilities or
extensive failure analysis will be sent to the depot. In the example shown
in Figure 7-2 secure storage areas are shown at both contractor locations.
This situation is most likely to occur where there are multiple sites. For
example, if there are three different contractor intermediate maintenance
sites, they will probably each stock certain replacement items. If one
central contractor depot facility supports these sites, it will probably
also stock these items. It is possible that the intermediate sites will
stock at the module level while the central depot will stock both spare
modules and subassemblies. The central depot could therefore ship replace-
ment units to its intermediate sites or directly to a base supply.

Depot, Field, and On-Equipment Warranty

Under the depot, field, and on-equipment warranty, the repair pipeline
is entirely under the contractor's control as long as he meets the contractual
requirements for support of the on-equipment operations.

7.1.2.3 Repair Turnaround Time

For both the depot and depot and field support warranty pipelinEs
described above, it is necessary to establish a maximum or average nnmber
of days for the contractor to complete repair and return the failed unit so
base supply will be assured of having an adequate stock on hand to support
on-equipment maintenance. For full contractor support, an alternative such
as maximum duration of a single equipment downtime may be cited. Under
these conditions the contractor sets his own repair turnaround time as long
as he has adequate spares on hand to meet his maximum downtime requirement.

7.1.2.4 Turnaround-Time Penalty

f. To support the turnaround-time requirement for the depot and the depot
with field support warranties it is necessary to provide a means of assuring
compliance. Alternative plans that have been used include the following:

Provision of additicnal spares. On the basis of an agreed-upon
formula, the contractor provides additional spares on a consiqnment
ba-is if there is an actual need for additional spares.

Coverage Extension. Additional warranty coverage is provided (e.g.,

on a day-to-day basis) for units thIat are not repaired in the
prescribedi period.

Monetar. Payment. A monetary payment must be made on the basis of

an estahlish-d formula.

= those tw:o :;ans, the rovision of additional spares is preferred
rince it accolisies the Objtctive of having sufficient spare!- to mL intain
the system. However, i the contractor no longer has the units in production,
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the provision of additional spares may not be possible, at least in a
reasonable time period. The latter two plans are considered alternatives
to the first one. While they are not a substitute for additional spares,
they do provide an incentive for the contractor to achieve the repair
turnaround time.

Under the warranty in which the contractor is responsible for all
maintenance, including on-equipment, a repair turnaround-time requirement
more closely resembles an availability guarantee. The penalty is therefore
assessed on the basis of this parameter rather than a repair turnaround
time at the depot or intermediate level. If, for example, the parameter
specified is that the equipment will never be down continuously for more
than 1 hour, the contractor can be penalized financially for situations in
which it is.

7.1.2.5 Engineering Change Proposals (ECPs)

By directly observing all field failures and being responsible for
repair, the contractor can quickly identify failure patterns and institute
appropriate corrective action through ECPs, which, by the terms of the
warranty, are introduced at no cost to the Government. Class I ECPs will
generally follow normal MIL-STD-480 procedures necessary for configuration
control but, because of the no-cost feature, should be processed expedi-
tiously. Changes not affecting form, fit, and function can be immediately
introduced, with proper notification to the resident Government representa-
tive. To assure a standard configuraticn at warranty expiration, the con-
tractor should be required to incorporate all approved ECPs into returned
units and to provide modification kits for the remaining unmodified unit3.
If the warranty period is long enough to result in multiple returns of each
unit, the number of unmodified units at warranty expiration will probably

be small. Otherwise, it may be advisable to negotiate for modification
kits at warranty expiration so that ECP introduction will not be inhibited.

For non-ECP types of corrective action, the Government is kept informed
through the data-requirements provision, which calls for corrective-action
summary reports, as indicated in the following subsection.

7.1.2.6 Contractor Data Requirements

The contractor is required to develop a data system that can process
information collected during the warranty program and can generate a series
of periodic reports. For the depot-level warranty these reporting require-
ments have been standardized sufficiently that two Data Item Descriptions
(DID) have been prepared by AFLC. The first of these DIDs is used in
accumulating and analyzing failure data on the warranted items. The data
ermit the procurement activity to evaluate compliance with warranty pro-
visions anc to make the contract price adjustments described in Subsection
7.1.1.7. Detailed information contained in this DID is presented in Appendix

F (DID-L-30321A)
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The other type of data reported by the contractor pertains to supply
and accounting data. When the contractor performs the repair and operates
a bonded storeroom, supply trans-actions normally accomplished by an Air
Force depot are now the responsibility of the contractor. For example,
proper inventory management requires that the item manager be aware of the
number of units in the storeroom, number in the repair cycle, etc. To
facilitate this reporting, an AUTODIN terminal for communicating this type
information is normally installed at the contractor's facilit,,. Detailed
data reporting requirements under this procedure are specified in Appendix
G (DID-L-30320).

These DIDs, which were developed primarily for depot-level warranty,
could be readily modified for the field support warranty and the field
support and on-equipment warranty. The modifications required would be
dependent on the specific equipment application. In most cases centralized
reporting would be provided to the Air Force by the contractor's depot

facility. Intermediate and on-equipment data would be collected by the
depot and then summarized prior to delivery to the Air Force.

7.1.3 Part III: Government Obligations

7.1. 3.1 Depot Warranty

Under a depot-level warranty the primary Government obligations are
as follows:

. Accomplish preventive and on-equipment maintenance in accordance
with applicable technical orders.

. Test all suspected failures in accordance with applicable technical
orders to verify that the units have failed.

. Furnish test readings and failure-circumstance data to the contractor

together with the failed unit.

. Furnish installation, removal, and operating-tim, data to the con-
tractor.

. Ship units as failures occur to minimize batching; use approved
shipping containers.

• Expeditiously process all contractor-3ubmitted ECPs.

. Provide an AUTODIN terminal to the contractor if supply-zrransaction
reporting is required.

. Provide Government Bill of Lading (GBL) shipping information to
the contractor to authorize shipment at Government "xpense. (EXl)e-
rienc- has indicated that in the majority of cases it is less costly
to t,e Governmrnt to r)a, shipping costs than it is to reimburse the
contractor for -osts incurred.)

Provide ( overncnt. representatives to verify data requirements,
:xcu osicn,;, jind RTOKY., and to establish that corrective action has

-]1
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7.1.3.2 Field Support and On-Equipment Warranties

Under field support and on-equipment warranties, it is necessary to
account for ownership of spare parts, tools, test equipment, and other
maintenance facilities, including space and utilities for field maintenance
operations. Government obligations in these areas will frequently require
detailed information such as that outlined in Appendix E.

7.2 GUARANTEES

As discussed in Chapter Four, Section 4.1.2, the incentives provided
by a warranty alone may not be sufficient to achieve the specific operational
capabilities desired. As a result, guarantees, either alone or in combina-
tion with a warranty, may be applied to give the contractor further incentive.
Table 7-2 describes the various warranties, guarantees, and possible com-
binations. The following sections address each of the guarantees in more
detail.

7.2.1 MTBF Guarantee

The MTBF guarantee is fr-quently used as an adjunct to a warranty, with
the contractor guaranteeing that a stated MTBF will be achieved by the equip-
ment in its operational environment. Where reliability growth is predicted,
different MTBF values can be stated over different time periods. The basic
guarantee requires that the equipment meet or exceed the stated value for
each separate measurement period. The measurement periods used are typically
in six-month or yearly increments.

The MTBF guarantee has generally been applied in conjunction with a
depot-level warranty. The primary reason for combining the two is that it
is difficult to have the contractor guarantee the equipment's MTBF unless
he has control over the repair process. However, the Air Force has awarded
at laast one contract on ground radar equipment (TPX-42) wherein the contrac-
tor guarantees the equipment MTBF but the Air Force performs all maintenance,
including depot-level repair. This type of arrangement (MTBF guarantee with
no warranty repair) is most appropriately, used for equipments that contain
a number cf discard-at-failure modules.

7.2.1.1 MTBF Definition and Measurement

The MTBF is usually defined as the total operating hours accnmulated
on all equipment during a measurement period divided by the number of
verified failures during the same peiod. The method by which the operatinq
hours are computed must be clearly stated. Possible methods include in-
stalling elapsed-time indicators on the equipment, maintaining special
operating-time logs, or establishing an agreed upon estimate of a certain
nurr cr of opjrating hours per day or per month. For many items of ground
c'{uip ent it ,s assumed that th, equin)ment is in continuous operation, and
ar operating time of 720 hours per month per equipment is used.
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A failure definition must also be provided. When the guarantee is
used with a warranty, failure can be defined as any unit that requires
correction or replacement by the contractor at no cost to the Government
under the warranty provisions. If the guarantee is used alone, an alter-
native definition must be used. One approach is to use malfunction codes
that are consistent with the Air Force Maintenance Data Collection System
defined in AFM 66-1. Basically, under this approach, any item counted as
a failure for AFM66-1 purposes is also counted as a failure for purposes
of MTBF guarantee computation. The method was used on the TPX-42 ground
radar equipment procurement previously mentioned.

7.2.1.2 MTBF Guarantee Period

The time period for which the MTBF guarantee will be in effect must

be stated. If the guarantee is applied in conjunction with a warranty, the
same period may be used. However, to permit reliability to stabilize, it
may be desirable to have the equipment operate for one year before measure-
ment. It is usually provided that the contractor's obligation with respect
to the guarantee will terminate when a specified number of consecutive
measurement periods yield values that equal or exceed the largest specified
value. Typically, two consecutive measurement periods are stated as the

criteria for early termination.

7.2.1.3 Corrective Action Requirements

The provisions must state the corrective action the contractor must
take, or what compensation the Government is to receive, in the event the
guaranteed value is not achieved. Corrective actions, to be accomplished
at no additional cost to the Government, might include (1) engineering
analysis to determine causes of nonconforming units (2) corrective
engineering design changes, and (3) modification of all units in the inven-
tory. These corrective actions are more likely to be used when the guarantee
is applied in combination with a depot lev-l warranty. Under organic repair
the contractor does not have the opportunity to perform failure analysis;
therefore, organic repair and contractor corrective action requirements are
not normally considered compatible.

7.2.1.4 Consignment and Ownership Spares

An additional compensation to the Government could be no-cost-to-the-

Government spares either on a consignment basis or on an ownership-transfer
basis. If warranty repair is in effect, the spares are provided on a con-
signment basis until the MTBF improve to the guaranteed values. If a
warranty is not in effect, the contractor might be r-quired to provide a
quantity of spares sufficient to make up the pipeline deficit over the life
of the system caused by the differenrc between the guaranteed MTBF and
that actually achieved. Appendix D de-cribrs a method for determining the
number of spares required. A formula is also provided to determine the
number of consignment units to be returned by the Government when sub-
sequent MTBF evaluations determine that the previously consigned quantity
is excessive.
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Time periods must also be stated for (1) the contractor to provide
spares and (2) the Government, if required, to return spares provided on
a consignment basis. It is further specified that in the event the con-
tractor does not provide the spares when required, a daily liquidated
damages penalty may be assessed up to a stated limit. Alternatively, if
the Government does not return consignment spares when required, the con-
tractor is paid a specified amount.

7.2.2 Availability Guarantee

As indicated in earlier chapters of this report, the availability
guarantee has received relatively little use to date in DOD procurements.
A primary reason is that several different factors can degrade availability
and in many cases these factors may be outside the contractor's control.
A greater degree of contractor control can be achieved by combining the
guarantee with contractor maintenance under warranty.

7.2.2.1 Availability Definition and Measurement

The provisions must provide a definition of availability that is
acceptable to both the contractor and the Government. Control parameters
used in the definition could include operating hours per month, system
downtime Per month, and percent of shifts completed without failure. The
preferred parameter will depend on the Government's objective and the
specific equipment application. For example, in a flight simulator with
on-equipment contractor maintenance the objective might be to complete two
six-hour simulator training periods per day without interrupting equipment
availability. The equipment would be available to the contractor 12 hours
per day for maintenance, and he would guarantee its continued availability
for the other 12 hours. For a ground radar the availability objective might
be continuous 24-hour-per-day operation. in this case the need for pre-
ventive and occasional corrective maintenance would have to be recognized.
Availability on a per unit or system basis could thus be defined on a monthly
basis as

A Hours per month - PM - CM
Hours per month

where

PM = equipment downtime for preventive maintenance

CM= equipment downtime for corrective maintenance

Hours per month = number of days in month times 24 heurs

These terms would be summed for all operating units to -Yield the overall
availabilit..

Separate provisions would address situations that could have an impact
on the availability independently of the above equation. For example, if
tine contractor is performing on-euuipment maintenance and the ;]overnment
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is responsible for providing spares or test equipment used in the corrective
maintenance, the provisions must allow for situations outside the contrac-
tor's control (e.g., unavailability of spares or test equipment needed for
corrective maintenance). However, if the contractor is responsible for
all maintenance and logistics support, including having the needed spares
in place, no adjustments are required.

Redundant or fail-soft systems require additional detailed definition.
In many cases the objective will be to ensure that total system failure
does not occur. In these situations availability can be defined such that
the contractor will not be penalized with respect to availability measure-
ment unless total system failure occurs. Again, the definition of avail-
ability depends on the specific application. Availability achieved will
normally be measured in accordance with special operating logs maintained
for each operational unit.

7.2.2.2 Preventive and Corrective Maintenance

With an availability guarantee and contractor maintenance, the amount
of downtime for preventive maintenance will normally be at the contractor's
option depending on times agreed to for operational use. However, the cir-
cumstances under which corrective maintenance is required must be clearly
defined. For some systems, where a failure occurs and the system is non-
operational, the need for corrective maintenance will be obvious. However,
for systems that can operate at a degraded performance level, the time at
which the system ceases to be operationally available may be questionable.
If operational specifications exist, they should be cited in the provisions
in the same manner in which specifications are cited for failure definition.
The time interval for corrective maintenanco, as indicated in the above
equation for measuring availability, will thus require start and stop times.
(For example, in accordance with Technical Order XXXX, the need for CM
started at 11 a.m., when the receiver sensitivity dropped below 50 dB;
the CM period ended at 2:30 p.m., when the receiver sensitivity was restored).
In most cases the equipment operator will be required to certify equipment
availability by maintaining operating logs. He will also be required to
notify the contractor of the need for corrective action. The operator will
thus be performing some DCAS-type quality control functions.

7.2.2.3 Availability Guarantee Period

The period during which the availability guarantee will be in effect
must be stated together with the different guarantee values, if there are
any. For example, an availability growth comparable to an MTBF growth
mijht be anticipated. The provisions could cite an availability of 90
percent durinq measurement period 1 (calendar time to be inserted), 95
percent during the period 2, etc.

7.2.2.4 Corrective Action and Remedies

The crrective actinon or remedies available to the Government if the
guarantee is not met will depend to a large deyree on whether or not the
contractor performs the maintenance under warranty. For example, if the
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contractor is performing the maintenance and the availability guarantee is
not met, an equitable remedy is to reduce the contract price for the main-
tenance services. An agreed upon relationship might be stated -- e.g.,
for each availability precentage point below the guaranteed value, there
is corresponding reduction in the fee for the maintenance services. The
exact relationship would depend on the specific application. The provisions
might further state that _f the availability drops below a certain stated
amount, additional corrective action is required. For example, if the
guaranteed availability is 90 percent, a fee reduction is imposed for any
achieved availability below this level. In addition, if the achieved
availability is below 80 percent, further corrective action can be required,
such as performing engineering analysis or modifying units.

If the Air Force is performing the on-equipment maintenance under an
availability guarantee, different forms of remedies might be in order.
For example, if the equipment was designed to yield a stated availability
under specified conditions and this guaranteed availability is not being
met, the contractor can be required, at no additional cost to the Govern-
ment, to undertake engineering analysis to determine the causes of non-
conformance. Possible causes are low equipment MTBF, faulty BITE, inadequate
troubleshooting procedures in technical orders, inadequ-te or too frequent
preventive maintenance, faulty test equipment, low proficiency, or poor
training on the part of the technicians, or a combination of these factors.
In some of these cases the cause of nonconformance might clearly be traced
back to the contractor or to Air Force maintenance procedures, or to a
combination of the two. In the event of nonconformance due to internal
Air Force deficiencies, the provisions could permit the contractor to be
reimbursed foz the analysis performed. Otherwise, the contractor would
not be reimbursed and, in addition, would be required to take appropriate
corrective action on those nonconformance causes determined to be his
responsibility.

It is recognized that such provisions could lead to disputes over
contractor versus Government obligations. As previously stated, this is
a disadvantage of attempting to apply an availability guarantee with Air
Force maintenance. However, depending on the complexity of the on-equipment
maintenance and the operational characteristics of the equipment, in some
situations such an arrangement may be a viable alternative.

7.2.3 Maintainability Guarantee

Although maintainability parameters have been used in conjunction with
logistics support cost guarantees, no known DoD applications in which main-
tainabilit, ha; been used as a "stand alont" guarantee. However, a mean
time to repair (MTTR) and a maximum corrective maintenance time (MAXCT) are
frequently cited in the suipment design specification and demonstrated
through verification tests.

Such Darameters could be structured into an operational maintenance
rguarante. As indicated in Table 7-I, the maintainability quarantee is
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not normally combined with contractor on-equipment maintenance under a
warranty. Instead, it finds its greatest potential where the Air Force
is performing the on-site maintenance, with intermediate and depot mainte-
nance performed under either organic or warranty conditions. An alterna-
tive is the situation in which the contractor installs the equipment and
over a stated period demonstrates the on-site maintainability before the
Air Force assumes on-site maintenance.

7.2.3.1 Definition and Measurement of Maintainability Guarantee

A definition of the maintainability parameter being guaranteed is
required. Depending on the equipment and its operational and maintenance
environment, the following parameters and associated definitions might be
applicable.

• MTTR - the total corrective maintenance time during a measurement
period divided by the total number of corrective maintenance

actions during the same measurement period.

" False-Pull Rate - the number of maintenance actions in which no
trouble is found divided by the total number of maintenance actions.

" False Return Rate - the number of returns for which no trouble is
found divided by the total number of maintenance actions.

" Maximum corrective maintenance time MAXCT - the maximum time per-
mitted to restore a system to operation. (This parameter would

be significant for equipment such as an air defense radar, for
which the maximum period of any single downtime may be more impor-
tant than the number of times the system is down.)

" Total Organizational Maintenance Man-Hours - the total organiza-
tional maintenance workload at an individual equipment site or a
combination of equipment sites, expressed as man-hours per year.
(This paramet, r is used, for example, in the minimally attended
radar sites currently under design.)

Any maintainability parameter defined must be consistent with the
method to be employed to determine the achieved value. The normal AFM-66-1
maintenance data collection system can be used to collect the maintain-
ability daLa required. It is being used, for example, in determining
compliance with the MTBF guarantee on a ground radar unit. Conditions
under which repair action is taken must also be specified. For example,
the number of personnel on the maintenance crew should be cited, together
with their proficiency levels and training status. Tools and test equipment

needed should also be included.

7.2.3.2 Maintainabilit- Guarantee Period

The period of tri, quarantee can be a stated calendar time, or it can
be established on a demonstrtion-test basis as in a support-cost guarantee.
If the potential for maintainability improvement exists, different time
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periods reflecting improved performance levels can be specified. To
control variations in maintenance actions due to differences in technician
proficiency, motivation, etc., the achieved value can be measured on a
demonstration-test basis.

7.2.3.3 Corrective Action and Remedies

The corrective action or remedy must be stated in relation to the
maintainability parameter guaranteed. For example, if a mean time to repair
has been specified, the contraztor should be required to perform engineering
analysis (1) to determine the causes of nonconformance and (2) to institute
corrective actions such as redesigning BITE or revising troubleshooting
procedures.

7.2.4 Cost Guarantee

7.2.4.1 Definition and Measurement

As indicated in Chapter Four, cost guarantees can take several forms
depending on the specific costs of interest. Examples are life-cycle cost
(LCC) and logistics support cost (LSC) guarantees, also called an LSC com-
mitment (LSCC). These types of guarantees represent a commitment by the
contractor that the cost to support the equipment in the long-term opera-
tional and maintenance environment will not exceed some "target" logistic
support cost (TLSC). Some contracts contain provisions for award fees to
the contractor if his equipment meets the objectives under verification
tests. Alternatively, if the objectives are not met, the contractor mal
be obligated to correct equipment deficiencies until minimum acceptable
cost objectives are achieved.

The model most frequenty used as a starting point is the AFLC Logistic
Support Cost (LSC) model. It provides a method for computing expected
design-related costs in various categories of logistics resource consumption
but, like most other models, does not provide total life-cycle cost. In-
stead, it is intended to establish LSC figures of merit for various design
alternatives and to establish baselines for contractual commitments. Thus
the model is amenable to modifications, additions, and deletions to make
it best represent the significant cost-driving factors when applied in
specific situations. The model contains the ten cost categories indicated
below (all except the spare-engine category are applicable to ground equip-
ment):

" Cost of LRU Spares

" Cost of On-Equipment Maintenance

" Cost of Off-Equirment Maintenance

i Inventory Manag ment Cost

" Cost of Support Equipment

" Cost of Personnel Training
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" Cost of Management and Technical Data

" Cost of Facilities

• Cost of Fuel Consumption

" Cost of Spare Engines

Figure 7-3 shows the basis flow of activity in the application of the
LSC concept. As part of the proposal activity associated with the transi-
tion from the validation phase to the engineering phase, the contractor is
asked to supply a list of equipments and their associated logistic support
costs. Such costs can be compiled through a logistics-support-cost model
provided by the procuring activity. The list should encompass a large
percentage of equipment support costs. It is expected that the list for
a large weapon system would contain both CFE and GFE items, the latter
included to provide maximum exposure of overall LCC.

The equipments on the list are rank-ordered in terms of their pro-
jected logistic support (highest to lowest). Beginning with the highest-
logistic-support-cost equipments, items are selected until the aggregate
cost of those selected equals at least some stated percentage of the total
support of the original list. A value such as 50 percent represents a
-easonable cut-off point, although some variation may be required depending
on the nature of the system. Since the basic submission was requested to
include both GFE and CFE, it is expected that the selected equipments will
comprise both.

The weapon-system contractor has little control over GFE; therefore,
it will be necessary to delete these equipments from the list although their
impact on the total weapon system's support cost can be significant. As
a lower limit, it is desirable to specify that the CFE items remaining on
the list should constitute some minimum percentage -- for example, approx-
imately 30 percent -- as a possible target value. The remaining CFE equip-
ments become the control items to which the LSC commitment is applied.

If control items are selected prior to engineering validation, it may
ie in the interest of the user to consider warranty as an alternative
control mechanism in lieu of LSC, with the choice being made later in the
program.

It is expected that, with the more detailed information available
during development, a more informed decision can be made. As shown in
Figure 7-3, this course of action is advisable. However, it is important
that the decision be made before long-lead production items are released
to provide sufficient time for nrderly maintenance planning reogadless of
the approach taken.

Because the contractor accepts added risk in the LSC, he is permitted
to price his cost fo. the LSC on a fixed-price basis as a separate line
item. If the LSC option is selected, the contractor's obligations include
correction of deficiencies to bring the logistic cost within the prescribed
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target. Deficiency correction may take the form of engineering change
proposals or the provision of logistic assets. An alternative action is
to invoke a contractual penalty clause.

LSC compliance is determined by the user's performing an operational
test. The contractor is permitted to observe this test to assure his sat-
isfaction with its conduct. From the test data, the measured logistic
support cost (MLSC) is computed. If the MLSC is equal to or lower than the
TLSC, an award fee is provided. In the event it is higher, corrective
action or penalty payment, as outlined, is required.

A retest may be conducted if it is determined that it is necessary to
judge whether compliance is met after corrective action has been undertaken.
Usually, an award fee is not provided when the contractors meet the TLSC
upon retest. Retesting may continue until compliance is d2monstrated.

7.2.4.2 General Requirements

The general requirements usually associated with LSC provisions are
as follows:

" Target Logistic Support Cost (TLSC). The definition and derivation
of TLSC as a control parameter are provided, together with associ-
ated equations.

" Alternative Provision. The Government states its option to consider
use of other control plans such as warranty or warranty/guarantee

in lieu of LSC.

" Verification Test. The scope of the verification test is defined,
together with responsibilities for test performance.

* Award Fee. The amount of the award fee is specified. Ideally, a
formula for relating award fee to LSC savings should be specified.

Correction of Deficiencies. The contractor's obligation in the

event of failure to meet TLSC is noted.

" Deficiencies Definition. Types of deficiencies are defined, in-
e ud in g:

Parametric Deficiency - the failure of the measured value of
an LSC model parameter to moet the target value of that para-
met e r.

:1Iic Deficien y - th,. identified causes of parametric

e ., circuit desi,n, software, etc.

1.t n r, .vi ])d to control tho scope 'b corrective action in

A Actinns recqui red by the contractor to obtain

,,M, 1," v.r -rrective action are detai led.

S:. 1 ' F1 .r "-  .uirement to perform a retest in the
• , [. . ;v n t initially is note d.
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Scope of Commitment. The contractor's commitment under the pro-
visions of this agreement continues until satisfactory compliance
has been demonstrated.

7.2.4.3 Contractor Obligations

The contractor obligations associated with an LSC commitment are as

follows:

LSC Values. The contractor must provide values of TLSC for each
equipment covered, together with the contractor cost quote for LSC
coverage.

Test Plan Review. The contractor receives the opportunity to re-
view the Government's proposed test plan.

Contractor Test Participation. The contractor is required to have
a representative at, or available to, the test site to verify the
authenticity of the test results.

Corrective-Action Plan. If the MLSC fails to meet prescribed
levels, the contractor must define his course of corrective action
in a plan and submit it to the Government for review.

Plan Implementation. Following approval, the contractor is required
to implement the steps outlines in his corrective-action plan.

. Retest Plan Review. In the event a retest is required, the con-
tractor must review the retest plan formulated by the Government.

. Contractor Retest Participation. , s in the case of the iaitial
test, the contractor is required to articipate in all rete-t
activity.

7.2.4.4 3overnment Obligations-

The government obligations associated with an LSC commitment are as
fo I lows:

" TLSC Adjustment. Adjustments to the TLSC value may be made by th,,

C-vernment for a limited number of reasons, includinq Government-
directed ECPs, for-e-structure or usage-rate iha.-,oo, inflation
factor, and overnment-directed c:ianges to maintenance concej:t.

" Coriective Action RP."ew. The 'Government wiil roview all ! r
w.,rrectjvg actio

To 3t-? an L2r gp ti< n. 7'he Goverment will : r a tst clan to
vr. ° t- SC a rovide the cont ractcr D! ertion t. to review
3r, ,omm, rt.

,, ci. i :.,-~ £~~it rmance. The -ove onent wi I! rovile tb

re-c u rce; All- r minq ri f -,at i o t .

[-iSC C t.::itti1, n. -n the basis- o: the test roxlts, t.io (,overnm nt
wL .'moote t:', M7SC.
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Award-Fee Determination. If the MLSC equals or is le:!s than the
TLSC, an award fee will be provided to the contractor in an amount
to be determined by the Government.

. Contractor-Deficiency Notification. In the event the MLSC fails
to meet required levels, the Government will officially notify the
contractor that corrective action or penalty payment is required.

. Retest Determination. Depending on the nature of the deficiency,
the Government will determine if a retest is required and will
advise the contractor of its intent 30 days after receiving notifi-
cation that the contractor has completed corrective action.

. Retest Continuation. The Government may elect to continue retest
until compliance is demonstrated.

7.3 SUMMARY

This chapter has discussed provisions applicable to the three types
of warranty presented in Chapter Three and the four types of guarantees dis-

cussed in Chapter Four. As indicated in Table 7-2, there are several possible
combinations of these warranties-guarantees. It was noted that in some cases
it may be necessary to supplement the warranty provisions by a separate
statement of work if the contractor is providing full maintenance services
under warranty. Appendix D provides specific language that may be used to
construct a set of contractual warranty-guarantee provisions, and Appendix
E outlines the factors that would have to be incorporated into the associated
statement of work.
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CHAPTER EIGHT

ADMINISTRATIVE AND DATA REQUIREMENTS

The success of a warranty-guarantee procurement will depend, in part,
on proper Government management. Experience has shown that a critical
factor is early coordination between the procuring organization, the Air
Logistics Center within AFLC that will be managing the equipment after it
is deployed, the DCAS organization that will be responsible for contract
administration at the contractor's facility, and the using command(s).
This chapter presents administrative procedures and data requirements that
must be considered for successful implementation of warranty-guarantee
plans.

8.1 WARRANTY-GUARANTEE ACTIVITIES

Table 8-1 lists the major activities that should be accomplished when
warranty-guarantee plans are used; the follov-ing sections briefly describe
these activities.

Table 8-1. MAJOR ACTIVITIES FOR IMPLEMENTING
WARRANTY-GUARANTEE PROVISIONS

. Review contract provisions

• Verify using organizations and equit ment deployment

. Review and update installation schedule

. Identify and monitor Air Force test and evaluation procedures

. Identify allowable Air Force maintenance actions

. Document failure-verification procedures

. Indoctrinate/train personnel

* Review contractor Ja.a plan

.. 1i Review fntract Provisions

?rir-r to release of the RFP, all Government participants should review
th, irovisions to ensure that the '-;ovcrnment obliqations specif~od can beu

0-i

"t



met and that a means exist.s, or can be developed, for det .rminjng the cor.-
tractor's compliance with his obligations. A similar review should be
made following contract award to identify any changes in t i, provisions
that may have resulted from negotiations. This review is particulrly
important for the DCAS organization since the resident DCAS office cannot
be identified until after the performing contractor is selected.

8.1.2 Verify Using Organizations and Equipment Deploymeut

Experience has shown that frequently after contract award additional
users of the equipment are identified. For example, the Navy may decide
that the equipment being procured will meet its requirements, or the
Tactical Air Command may decide that equipment being pro'ured for the Air
Force Communication Service will meet its requirements. It is also
possible that additional equipments will be procured for Foreign Military
Sales. Any such changes that would affect the original understandina of
deployment and usage of the equipment may require revisions to the wairan:-.,-
guarantee provisions. Identification of such changes as soon as possible,
particularly before equipment deliveries start, shorid reduce their impact.

3.1.3 Review and Update Installation Schedule

In several of the first warranty procurements there was a ielay in
installing the warranted equipment following delivery to the Government.
As a result, a portion of thie warranty coverage period was consumed while

the items were in storage awaiting installation. It is therefore beneficial
to review and update the installation schedule. If delay'. is expected, an
attempt should b= made to negotiate a correspondin~g change in the productior.
schodule. If this is not feasible, an alternative is to have the contractor
store the equipment in a secure storage area and postpone initiation of the
warranty coverage. In any event, if review indicates installation delay,
,,very feasible alternative to avoid the loss of warranty coverace should be

explored.

.. 4 rdent fv ard .lonitor Air Force Test and Evaluation Procedures

Many items of equipment will undergo an Tnitial O-erational Test and
Evaluation (10T&E) prior to full scale production. These tests should be
reviewed in relation to established maintenance, transportation, and inven-
tar'!-manaqment procec"res. Depending on Zhe types of tests being conducted,
it may be necessary to exclude these items from warrant, -uarantee coverage.
However, if the circum< inces 1-armit, the exist ng procedu.-,s should be

foliowed to extent possible to determine any chanqes neeied t(- acuomxo-
lat, the ._ ord tiorls -f th, warranty-auaraotu, e provi nuns. Por
exsmtbl ., -i ,n.. "T 11 [TINT pci " _1 or the ARM-i S TACAN, itt<nance, sul ely,

nd ra , -it- r .r.. r t il-I fo i ;wed were clos3 1'.' mon tored. This
re< % t , 1 .ral ,otnti lsroblem areas that wouid have deqraded

t*, )>',ernrnt' n t i. t-. to fit bll i !ti ' ,b itixt :.- Lfe th, warrant.
ri il hn t In. <it requiroi CCommo-

t' * .'! w i L t ,- / w,-, i ', l [ ,, a i'lm t., before 1_roductio.
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units were delivtred. When possible, similar monitoring of IOT&E test';

in other programs should also be accomplished.

8.1.5 Identify Allowable Air Force Maintenance Action-,

At the time of contract award the final equipment productlon config-

uration may not be finalized, nor is it likely that equipment maintenance
technical orders (TOs) will have been outlined sufficiently to define
allowable Air Force maintenance actions. As the design and e-uipment main-
tenance procedures stabilize, Air Force maintenance that may be taken
without voiding the warranty should be identified and documented in the
applicable TOs. These actions might include changing fuses, lights,
filters, desiccant, etc. Preventive maintenance such as cleaning, lubrica-
ting, and calibrating should also be defined in the TOs. The contractor
will normally prepare these procedures and submit them to the Government
before incorporating them into the equipment manuals.

P.1.6 Document Failure-Vezificatior. Procedures

In many cases warranty-guaiAntee provisions will define a failure in
terms of a specification that has not yet been prepared by the contractor
or approved by the Goverrment. Therefore, in the same manner cs discus: d
above for allowable maintenance actions, after the failure-verification and
repair procedures are defined in preliminary TOs, they should be reviewed
carefully prior to Government approval. To the extent possible, the
Government should se the same procedures and test equil:ment to verify a
failure at che equipment location as those used by the contractor to verify
failures at th _ repair facility. The purpose is to minimize the probability
of "false pulls" and the number ot good units returned to the contractor.

8.1.7 Indoctrinate/Train Personnel

8.1.7.1.. Maintenance and Supply Personnel

Successful management of a warranty-guarante program requires that
maintenance and supply personnel handling the equipment be aware of the
established procedures and comply with them. When an avaiiabflity quara tee
is being applied, it may also be necessary for the equipment operators to
understand the guarantee conditions. For example, it may b- necessary for
the oi-erator of a grcund radar, in conjunction with the maintenance t-chnician,
t( cetifvr trhat the h.iuisment is or is not available in accordance wito the
contractiil :firn:tion of availability. Similarl", under full contract r
warr. It-, which includes on-equipment maintenanc , the equitc:- nt oi-,rator
m y lbe t .. air!,ro; riate individual to ce tify that the contractr has accom-

pli:{ :] he rqu :, reve-,tivce and corrective Tiiiittoy nct,. If s,,ve.ral
ci~for0'nto:- oeui cnt are inlided, such as at a remote, radar site,

rr m r u1i r rvmaintenancd techtricians may be assi,-i to the site

}tr r mainteniance. They would fulfill t [uality control
fulntion, -rn ,rinq that all maintenance was c(.m[ let,-d in acc{;rdancr . with

][r'c; 1 ; rocidunr'.' and that required maintenance data r,,cordo wtre
.maintained.



8. 1.7.2 DCAS Personnel

Admini-;tration of a warranty-guarantee contract at the contractor's
repair facility will require some out-of-the-ordinary monitoring, record-*1 keeping, decision making, and reporting. The following axe the major DCAS
responsibilities:

* Verify contractor receipt of items that have been damaged in ship-
ment

* Verify presence and adequacy (or lack thereof) of failure-circumstance
documenta ion

Review contractor claims for exclusions, and authorize or deny the
claim

Monitor and verify contractor record-keeping, particularly the
start and stop times for repair turnaround-time requirements

* Verify "retest OK" returns

M Monitor and verify custody transfer requirements, particularly that
contractual requirements ior the bonded storeroom operation are
observed

Identify problem areas and report them to the Procurement Contracting
Officer (for example, using organizations not providing failure-
circumstance documentation)

If the resident DCAS organ'zation has not previously administered a warranty
contract, training in these areas will be required. It will be necessary
even for personnel experienced in warranty administration to review thoroughly
the particular details of the contract to ensure an understanding of their
responsibilities and ability to fulfill them.

8.1.8 Review ?ontractor Data Plan

It is necessary to ensure that the contractor has an adequate plan for
collecting, atalyzing, and reporting the warranty-related data required in
the contract. These data permit the procurement organization to evaluate
the effectiveness of the warranty and to make necessary contract price
adjustments. Section 8.2 addresses these data requirements in more detail.

8.2 DATA REQUI PEMENTS

8.2.1 Warranty and Reliability (MTBPF) Guarantee

Proper administ ration of a warrantv-guarantoe program requires that
data anrd i;.5rmat"'_n D,- acqui red *rom the Air Force supply and maintenanc,
a.:tivite-, D,, rid the contra ,tor. Ta-le 8-2 lists a numbter of iati
Items use.d fr administration of the warranty .nd reliability UITBF) uar-
ant,_ I z-n. (Dat.:i eoo irernts for the other guarantee plans will be

cdd'-;x Iin e rlr . .
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Tibl 8-2. WAkANt7'-GUARNT_ ATA LPMENTS

Data Element Data Source Form

Initial Shipment Data

1. Date Unit Shipped, Initial

Delivery DCAS OD-25
2. Unit Serial Number Contractor Contractor Form
3. 'Unit Destination DCAS DD-250

4. Unit ETI Reading Contractor Contractor Form

User Support Data
I. Date of Unit Receipt at

Government Activity AF Activity GBL/DD1348
2. Date Unit Placed in Service AF Activity /P Card*

3. Date Unit Removed from Service AF Activity I/R Card*

4. Reason fir Removal AF Activity AFT,; 349/350
5. Date Unit Shipped to Contractor AF Activity GBL/DD 1348
6. Date Unit Lost AF Activity AF Letter

7. Oricinating Field Activity AF Activity AFTO 349/51)

8. Military Maintenance Man-Hours AF Activity AFTO 349/35 
7

9. Number of Units Installed AF Activity AF Letter

Contractor Repair Data
1. Date Unit Received by Contractor DCAS/Contractor -BL/DD 1348
2. Serial Number of Returned Unit DCAS/Contractor DD 1348
3. ETI Reading upon Receipt DCAS/Contractor DD 1349

4. Condition of Unit Based on
-nitial Inspection DCAS/Contractor DD 1348

5. Failed Item (to lowest identi-

fied level) Contractor Contractor Form
6. Probable Failure Mode and Cju.-v Contractor Contractor Form

7. Action Taken to Repair Contractor (:ontractor Form
8. Man-Hours Expended in Repair,

by Labor Cateqgry Contractor Contractor Form
9. Parts and Material Usage fo!

Repair Contractor Contractor Form

10. Unit Test Results DCAS/Contract r Contractor Form

11. Date Rpaired Unit Stored or
Thipped DCAS DD I 348

12. Destination of Stored or Shipped
Item DCAS Dr 1348

13. ETI Reading at Shipment DCAS/Contruictor DD 1341
14. Warranty-Coverage

Applicability DCAS Contractor Form

15. Reason for Exc)usion DCAS Contractor Form

Modification Action Data

1. Date ECP Recommended Contractor Contractor Form
2. Date ECP Approved/Disapproved Contractor Contractor Form
3. Summary of Recommended ECPs Contractor Contractir Form
4. Serial Number Record of Unit

Modificat on Status Contractor Contractor Form

Sucure Storage Data

I. 2uantlty D, :;nits by Type at

End : o ar h Month Cntractor fontractor Form

2. -'m- 3etween Shipment PequFst
and Shipment Contractor Contractor Form

*tnstaliation/Rmoval Card.
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Depending on the details of a particular procurement, ;ome of the data
elements listed in Table 8-2 may not be required; for example, the ETI and

serial number elements may not be used in many ground equipments. In
other cases additional data elements may be needed. However, the table
Joes provide a guide for considering those data which may be necessary for
administering a warranty-guarantee program. The five general sections of
the table are discussed in the following subsections.

8.2.1.1 Initial-Shipment Data

*~ Initial-shipment data are needed to determine the number of warranted
items entering the inventory, the deployment location, and the warranty

start period if the warranty begins upon Government acceptance. This in-
formation is needed for establishing the warranty coverage period and cal-
culating statistics that depend on population size.

8.2.1.2 User Support Data

The operating commands will normally provide the data listed as user
support data. These data are analyzed to measure reliability, maintain-
ability, and other logistic parameters associated with the operating environ-
ment. The AFTO 349 is the Maintenance Data Collection Record, which the
using-command maintenance technicians will complete to indicate the main-
tenance performed and the man-hours required. The AFTO 350 is a Reparable
Item Processing Tag, also completed by the maintenance technician, which
indicates the trouble experienced with the equipment. These two forms
are returned with the failed equipment, and they constitute the failure
circumstance data. Various formats have been used for the labels on the
equipment to record the installation and removal data. Regardless of the
format, the labels usually provide space for recording the following:

• Date of instal] .tion

" Date of removal

" Reason for removal

" ETI reading if applicable

• Modification status (configuration)

These entries summarize unit utilization and removal/failure information.
When coupled with contractor shipping and receiving information, this in-
formation provides logistic flow times from contractor to installation and
from removal to contractor.

8.2.1.3 Contractor Rep.air Data

The contractor: repair data provide information on the frequency, tv-e,
and mode of failure experienced; turnaround time; and exclusions. This
information is used for contract price adjustmonts, MTBF computations if
applicable, and analyiis pertaining to warranty extension versus trans tion
to organic maintenance.
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8.2.1.4 Modification Action Data

The modification action data pertain to contractor-initia'ed ECPs for
reliability and maintainability improvement. This information is required
to record configuration control and ensure that at the end of the warranty
coverage all units are of the same configuration or modifications kits are
provided. In addition, by correlating equipment performance achieved during
specified periods with the modification status of the population, it may
be possible to evaluate the effectiveness of modifications.

8.2.1.5 Secure Storage Data

Data on the secure storage of equipment will be required only for
contracts under which the contractor maintains a bonded storeroom for re-
paired units. Data elements in this category are intended to provide infor-
mation on contractor repair turnaround time, pipeline times, and the secure
storage area's population.

8.2.2 Data for Other Forms of Warranty-Guarantee

Data requirements discussed in the preceding subsections pertain
primarily to a depot level warranty, an MTBF guarantee, or a combination of
the two. For other types of warranty-guarantee, some of these data elements
may not be applicable or additional data may be needed. Some aspects of
the data requirements were discussed in Sections 7.2.2 (Availability Guar-
antee) and 7.2.3 (Maintainability Guarantee). As noted theiein, the data
requirements will be dependent on the contractual definition of availability
or maintainability and the measurement method cited. The standard AFM-66-1
maintenance data collection system can be used to collect data required for
a maintainability guarantee. If, for example, the maintainability parameter
being guaranteed is mean time to repair (MTTR), AFTO 349 (Maintenance Data
Collection Record) would provide the required data. The following are
some of the possible guarantee parameters, together with their measurement
data sources:

Parameter Data Source

Maintainability

Mean time to repair AFTO 349

Maximum corrective maintenc( time AFTO 349

Mean man-hours to repair AFTO 349

"False pull" rate AFTO 350

A va i labi li ty

inherent AFTO 349 and MTBF

;rperational Equipment Status ROports/
Special Operating Logs

8-7
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If the contractor is performing maintenance and recording the data
required to determine compliance with an availability or maintainability
guarantee, it will be necessary for Air Force personnel to verify the data.

In the majority of cases this should present no problem. For equipment re-
quiring Air Force operators (for example, ground radars) they can either

verify contractor-supplied data or maintain separate operating logs indica-

ting equipment downtime. In other cases, even though a system is being
maintained by contractor personnel, one or more Air Force personnel are
normally on site. These are usually senior maintenance technicians who
are responsible for verifying the contractor's quality control on both
preventive and corrective maintenance. In addition, depending on the par-
ticular site, senior Air Force logistics specialists may also be available
to provide liaison with the supporting Air Logistics Center. Thus, even
when the contractor is maintaining the required data, verification by Air
Force personnel will be possible and means will be available for determining
contract compliance.
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CHAPTER NINE

APPLICATION TO SAMPLE EQUIPMENT

2

This chapter demonstrates how the approaches presented in these guide-
lines would be applied to a sample equipment procurement. An attempt was
made to use data from an actual procurement of ground TACAN transponders;
however, because of a delay in the procurement cycle, several key documents
and data elements were not available (e.g., the Statement of Work, system
MTBF, and hardware and warranty bid prices). Nevertheless, to the extent
possible, the sample application that follows is based on the ground TACAN
transponder procurement. Where actual data were available, they were used;
otherwise, assumptions were made to approximate the actual circumstances.

9.1 BACKGROUND AND CURRENT STATUS

TACAN is a short-range navigation system that provides distance and
bearing data to aircraft. It consists of an airborne transmitter-receiver
and a ground station. The ground station is triggered by receipt of the
aircraft transmission and in turn transmits the station identifier and infor-
mation to deternine bearing and distance. The ground station equipment,
illustrated in Figure 9-1, consists of four major assemblies: power supply,
receiver-transmitter (transponder), station monitor, and antenna. In the
past few years the Air Force modified the existing ground stations by
installing new antennas and station monitor and control assemblies; however,
the present transponders, many of which have been in service for 10 years
or more, have not been replaced, and tnese now account for about 80 percent
of all station failures. To correct this condition and to complete the
upgrading of the ground TACAN systems, procurement action is now under way
in the Air Force to buy approximately 140 transponders. Since two trans-
ponders are installed at each station (redundancy with automatic switchover
if one fails), this purchase will accommodate 70 stations (spares are not
taken into account).

A t--tc' irocurem(.nt is planned. w.herein two to four com etitrrs
wi Ifirst suboi t tel:ni _al erojosals. Com:anies whose procosals ark
determined to he tt, !i-al, accoptable will then be requested to submit
;rice rooraln. Th,. procuring activity plans to request bids on tw<m
;eparatk. warrontv-uruarante, oitions: (1) a reliability-imrovement war-
rant-' (pIW) wit 11 an %1TBF guarantee, and (2) an MTBF guarantee without tilt,
PIW. Altbouc:h bid evaluation criteria have not been rel-ased, it is
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Figure 9-1. GENERAL DESCRIPTION OF GROUND TACAN EQUIPMENT

expected that the award will be based on total life-cycle costs (LCC). A
copy of the model to be used in the LCC evaluation will be provided in the
bid package. A minimum acceptable initial MTBF of approximately 2,500 to
3,000 hours will probably be cited, with bidders having the option of pro-
posinq MTBF growth to achieve a proposed gqjaranteed value at the end of
a five-year warranty period.

The number of subassemblies and modules in the transponders will vary
de: ending on how the manufacturer decides to package the eqiuipment. Fixture
9)-2 illustrates the existing transponder, showing that it consists of six
drawers containing subassemblies and modules. It is expected that the new
transponders will have two to four drawers, which could contain a total of

9-2
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Figure 9-2. GROUND TACAN TRANSPONDER

80 to 100 separate modules. Again, depending on the packaging, the most

probable maintenance scenario is that when a failure occurs, the stat~on

monitor and built-in test equipment will identify th( faulty drawer and
in many cases the faulty module. .;f a warranty it- aj plit-d, it i~s e2xpecte d
that it will be at the module ltIVol1. The technic ian will r,.movu arid r piace
the faulty modul (in mai~v instanicesL a printed -ir':uit beard) and, after
verifying its failure_, rv-turn it directly,, to the m~ir ita,_turer.

Under this arran-q .cr,nt, there will he no itr d'1e-lmaintenance

per s,-. On-equipmenrt maintenanoc i.s jerform-d at t2-, !tat ion. ~O(of
these_ station.- are larg~t Enough to accommodat, a ,ohl: hich can he

=7I



i rd rd to> crmit intermediate, or off-equipment maintenance. At other
s it ions there i:; insufficient space for even a workbench, and off-equipment
ma intiiance may require transporting a suspected failure to a local base
repair o fr bench check. In this case the base repair shop can be con-
sider- .term!diate-l-vel maintenance; however, it is very unlikely that
whole dz wers or ;uiassemblies will be removed and replaced and then sent
to an intermediate sho for replacement of faulty modules.

9.2 WARRA'TY-GUARANTEE APPLICABILITY

9.2.1 Depot, Field Suiport, and On-Equipment Warranty

With an equipment deployment of only one station (two transponders)
at any site, there would not be sufficient workload to justify full con-

tractor maintenance. Even if the contractor undertook full maintenance
of all the TACAN station equipment, rather than the transponders alone,
the workload would still not provide economic justification for resident
contractor maintenance personnel. An alternative might be to have the
contractor perform maintenance, under a service contract, on additional
base navigational-aid equipment, such as instrument landing system (ILS)
and radar approach control (RAPCON) equipment. Base communications equiL-
ment could also be added. However, in this arrangement the maintenance
services on the other equipment would far overshadow that on the trans-

ponders, and these services should be considered independently of TACAN
warranty maintenance.

Another alternative would be to have full contractor maintenance and
to consider each station a remote location. In this scenario, the Air
Force would perform preventive maintenance only. When one transponder
failed and the station switched over to the second transponder, the con-
tractor would 'e notified. He would be given a certain time limit (hours
or days) to reach the site and repair the failed transponder. This might
be a viable alternative if the Air Force did not already have maintenance
personnel at the sites to maintain other navigational equipment. If a
ground TACAN system MTBF of 2,000 hours and 8,760 operating hours per year
(365 days/year - 24 hours/day) were assumed, then, on the average, only
4.38 failures per installation per year would be expected. The workload
associated with these few failures can usually be absorbed by the workforce
maintaining the other navigational aid equipment. Therefore, for full con-
tractor maintenance to be a viable economic option, it would be necessary
to make major workload shifts that are independent of warranty considerations
on the TACAN transponders.

').2.2 Depnt arid Field u:u_,port Warranty

As previously noted, it is _,x,cted that 1ittl( , if in', field suplort

or intermediat, -. maintenance will he requir-.d for the trarsondurs.
Th. must { rouaille s' iort wili be to remove and rk,} lac(* modules and, followa'-

inq failure v.<ifiat en, return them to a depot for ropair. Under this
5u.!,ott concuojt the diolot and field support warranty would not b( consid,,rd.
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q.2. 3 Depot Warranty WVithi MTBF Guarantee

The equipment meets most of the application criteria discussed in
Chapter Five for a depot warranty with MTBF guarantee. Hesevc', ti, follow-

ing criteria merit comment:

Production Period - Although the transponder delivery schedul,< has
not been established, it is assumed that deliveries would be made-
over a period of approximately three years. This would jeimit

warranty repairs to be interleaved with production activity. ECPLs
could be introduced into the population more quickly, and conign-
ment spares, if required, would be less expensive. If the produc-
tion period were less than three years, these benefits would be
reduced and a warranty would become less attractive.

Elajsed-Time Indicator (ETI) - An ETI could be installed on the
transponder and install-remove dates and ETI readings recorded for
each module. However, with the large quantity of modules installed,
the record-keeping for each module would be impractical. It would

be more economical from a warranty-administration stardpoi±t to
assume 24-hour-per-day operation.

MTBF Computation - As indicated above, the actual recording of
operating time on each module would be impractical from a warranty-
administration standpoint. Instead, the Air Force could provide
operating-time information on each TACAN station. (This information

is currently being maintained by AFCS for Equipment Status Rep-orts.)
The total operating time for all the equilments would be the sum
of the individual site times, and MTBF would then be computed as
shown in Part V of Appendix D.

9.2.4 MTBF Guarantee Without Depot Warranty

As indicated in Chater Seven, there is only one known procurement
that includes an MTBF guarantee under which the contractor does not perform
warranty repair -- i.e., 20 modu]es in the TPX-42 cround radar ProgrammabL-
Indicator Data Processor (PIDP) ecui-ment. (Eight of the 20 are discard-
at-failure modules.) The contract :provisions call for testing at least
40 PIDPs at eight different operational sites over a one-year period. At
the conclusion of the test reriod the MTBF will oe computed on each indi-
vidual module. If the computed MTBF is less than 85 percent of that Quar-
anteed, the contractor must provide (at no additional cost and with owlur-
ship, passing to the Government) those additional pipeline spareb ne,.ded for
a planned 10-year life cycle. The quantity of additional spares will b
determined bIn om, utine tlP 2 sjares first from the, actual guaranteed valu.,
and then frcm the ach 1,d val:. Wher, the ichieved MTBF results in a
higher quantity of .: ar,,> (Pcau: the MTBF is less titan 85 rercent of that
guaranteed ), t:e _n ra tot tt ut: the difference in syarrs requirtd.

This diffLtrent- - L< ha- i on the actual guaranteed MTBF, not th, 8 , er-
cent valu-, ital ; uiit.: rod.7ed arc currently underoing initial
o~ er-qt nal t,-,r a> . vsjat ion (IOTML) ; however, it %.will some tim,

r T 7c*-eti n' t s i.,e in. Therefore, the rsuls ef this
Sroc:r.- "t 2.: r siti -A.l tes~ting<.

-B%

-,,'~~7 7 i1 jyp



Aitnougjh circumstances will vary with indlividual procurkermntts, in) Most
ca;t-s the countractor's risk will be greater tinder ant M'iB1 quarante ,without
a det;ot warranty than it will be where he is also ierforming( Warranty rel-airs.
tinder warranty re pair he has the opportunity t-o perform failure- analy.sis and
institute, correc:tive action during( the quarante,( period. However, ut ,der the
MTRF quarantee alotne the contractor must de-sign, 1roduce, and de2liver _,qui;-
ment that immediately meets the guarantee requirements; the.re is no0 opt or-
tanitv for reliability growth to the guaranteed value.

The degree of contractor risk will be dependent on the particular eup
ment circumstances; his willingness to accept the risk will be_ determinedl in
iart by the compe~titive situation and the total dollar value of the prod)uc-
tion contract. For example, in the PlOP procurement the total production
.as larg e enough to make the procurement attractiv-, to bidders, and com;_eti-
tion was keen. In addition, the winning bidder had extensize experience
with earlier versions of similar equip~ment. The risk involved with the
MTBF guarantee was therefore co)nsidered accen-table to the contractor.

The transponder procurement may be comlarabie to the [MOP p2-ocurementt.
At le-ast tlr-~ com[ ini-s arc ex, ected to compete for the awar 1; they are all
conside-re-d tct have proven cal ability in the3 TACAN transponder area and are
currently either inoducing or will h)e producing comparable equipment under
other DoD or FAA contracts. The equipment meets the major criteria for a
reliiability auarintee that were discussed in Chapter Five.

9.2.3 Aplicability of Other Forms of Guarantee

a Thooterfom of;; iruar;;;; (availability, m'aintainability, and cost)
are considered less apr~licable to the transponder than the reliability,. guar-

ane.For xample_, be)cause of redundancy, rapid restoration tine is not- of
::rticl il~otane, artculrlywith the relativc..y high MTBFs exytected.

TACA>: avaiiahiiitv shnould be "high because of the oxp.ected reliab-i-tv cout le d
'iit r ?dundancy. In addition, the availabilitv of the Ti.7Iis not as impor-

tant for one-ratictnal or safe--ty, pur;,oses as the availab.ility of other items
of navigational-aid Hcnitment such as an instrumentt landing systems or radar
a: troacn control 3sYstemrs. For e-ssentially the same reasors, many aspects
of a maintainabiiitv cwuarantet_ are not applicable. For example, an accept-
abl-e ',ITTR should b-e obtainable; this, coupled with redundancy, should b-e
adequate for opterational requirements, and a guarantee, sh-oul" be unnecessary.
if tne ecuaipment we-re part of a nonredundant system and olzerational require-
ife-nts dictated minimum downtime, a maintainability guarantee woulJ merit
further consi dIerst ion.

Tb, ma)j r liferne btween the logistic sur port cost (LSC) g~uaranitee,
a:. i th- :.TIF !uararitee is the n~umite-r of 1paramnt or3 considec-ed. Under the
ro I Lab i lit irnte thc onil, ::aram' t-r i:s MT3F , .tieunder the LSC cu-nar-
3ntte a !,-e ' rn,,- iramter' oUid be inclIuded. It is anticipated that

~o r t -,to r.; w i11 ha ve i t tl, i mlp act o n t he i f-c y c I,. ets nof
ti. r )r *xamt If,, eculiar AGI., test ecluil ment manuals,' ano

i t ri'i:C otcnsitred necessary. As will be shown in Sect *n
i.3 , ~ aJotiO i:-t of 1,-'. are- the acquis ition -co)sts and initial

tML . "J P, A



9.3 MODEL APPLICATION

On the basis of the discussion in Section 9.2, we will assume, that a
d' -ot-level warranty with MTBF guarantee is being considered and we will
proceed to evaluate the economics of this approach.

Chapter Six addressed the economic aspects of warranty-guarantee
analysis. Appendix A documents the model developed and provides d-tailed
information on its use. The same application of the model discussed in
this chapter is also discussed in more detail in Appendix A. The addi-
tional detail includes methods for inputting the data and performing sensi-
tivity analysis. This section wil_ highlight the use of the model in
analyzing the transponder procurement.

9.3.1 Assumptions on Model Inputs

As indicated at the beginning of this chapter, several data elemunts
pertaining to the TACAN procurement were not availablo-. Therefore, we
made assumptions that we believed to approximate these data. Highlights
of our input data and assumptions are as follows (sevrral of these data
elements are subsequently varied to indicate the ensitivity of the outcome
in the event our original assumptions were incorrect):

A total of 140 transponders are procured for installation over a
three-year period. Fifty sites have one ground station, and ten
sites have two stations, one of which is at the Air Force Base
and another at an adjacent test range. Fifty-five sites operate
24 hours per day, and five sites operate 12 hours Ier day.

The initial MTBF is 2,500 hours. For reliability growth, the maxi-
mum growth factor is 75 percent. Further, under organic maintenance
a 10 percent improvement in reliability is exipected between tile
first 1,000 and 50,000 hours of operations, nd under warrant-., a

2n percent improvement is expected. (These values are subsequently
varied to indicate their impact oi, the LCC output.)

-Ine life-cycle period is 10 years, and a l percnt discouni rate
is sed.

" Unit acquisition cost per transponder is $100,000. D,,;,ct AGE for
orqanic maintenance costs $100,000, and base AGE costs $15,000 er
base under organic and $3,000 per base inder warrant%,. TO. annual
base AGE support cost factor is 7 perct it per year, and the annual
det ot AGE su-port cost factor is 10 rcont or year.

" Warranty prices are estimated by using tie warrant, priclng alcorithmr.

described in Sction 6.3.3 of Chaptr ix. A risk factor of 5 er-
e :nt i'er 5,ea- and a }nrofit facr or of 12 ;ircent are cstabl ishtd.
(The risk fa,.tor is su 4, -piuontly varid to indicate: its impact: thi
w:arranty! r'ce i_ .; o varied as possilplo bid values in liu ,f
eA ,[ tile the }:ic .
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* Under warranty th, contractor- is uxp-cted to incur ar int ial fi xci

cost of $250,000 and yearly costs of $50O,O01> for warrant,ye~r

preparat ion.

*The .quipicant must meot a guaranteed MTBF of 3, 500 hours b~y the-

end of the fifth year. (This value and Cze initial MTI3F ar.< suib-

sequently varied t. dete2rmine2 the impact of te'aram' ters.I

*Under warranty, the Government incurs a yearly cost of $30,000 for
warranty admioistration; at transition a cost of $50,000 is inccurre'd
to cover expenses associated with the conversion from warranit. to

organic maintenance.

0 .3.2 -Model. Output

Tabjle 'I-1 ur. =serits a partial output of the LC:C irodel1. 'The entire o-ut-

tut is ext:,ained in detail in Aplpendix A. This sec-tion icnli ni-t.; outputs
lIf the model used in the analysis. Table 9-1 li>;ts thc< total tten-year dis-

counted life-c\'cle costs under organic maintenance_ and then unde r .:rr -.tv

for each of the warranty, tceriods. Also irinod are thie associated warran'ty
savinozs/loss, warranty -ri ce, and averaqe MT'F. For eXOO,.ampi, the ,. 00-xcear 1
line means a fivef-year warranity followec; fivnc Y;.ars of orqanic maiiite-

nance. -he LCC for this %varrantv/orijanic arranoaement is $1,6,3,which
crese 5 nts a saving of S421,21-i from the full 10-.-ear orqanic LCC of

318,488,754. Tnclcded in theL warrant. LCC is the com;.uted wva-rantv Iprice
Df S831,64-3 The _Averac ,e i~TFF for the ?~ tonwa ro is 318.

Table )-i.OO:5 AND WARRA:.;TY LCC -iNITIIA-L M1-TBF: 2 ,50C THOURS

TOTRL G C P1:0 LF j:4::,71A

WI'rT'' 'F'S WPflTY LC I~ It r4G7 LD 0 1,1.'t 4T' I' I-: E T E: F
till~~~~~~ p:rE3Hc*1I4'"

4.:'~~~~~~~ Cil t.' 4 5:?1 'c(z.
I 1fl~'>4i.E7.1445

11,71 i ft cI:c

nt ra 'c:s- Tl.- in alriineS radte nt1a MP .m le) rm2 0

*H I P AL- --S ia n i,. IUj ? y R A T .r
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to 1,250 '-ours. Tables 9-3 and 9-4 provide partial cut *ruts for thnis rev-

sian. The computed five-year warranty piencases to $1,022,1821, the
total organic LCC increases to $19,263,984, and Lhe five-year warranty
followed by five years of organic now results in a saving of $1,425,317.

Table 9-4 indicates that this increase in savincs over the previous case is
primarily due to the MTBF Guarantee value (consignment spares) of $845,628.
(The negati-:e sign on this line ind icates that it decreases the LCC.)
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and that under organic maintenance it would bu 10 percent. VbJat iftes

values were, respectively', 25 percent and 10 percent, or 15 p(ercent and

10 percent? Again, the interactive feature of thu modc-1 pe(rmits such an
evaluation1. These and several other input parameters we2rt- varied to de-ter-
nine how the outcome .would be changed under different inipit circumstdnce(s.
Rather than list the out:,uts,- in tables, we plotted the results in Piourkes
9-3 truh9-8.

Figure 9-3 indicates, as a function of initial MTBFs, te, teri-rar
LCC for the full organic altcernative versus a five-y ,ear warr :t-. follow"'n"

befive, years of organic maintenance. T11e cost curves ciaost
dire-ctions for an': initial MTBFs less than 2,500) bour.5. in~j r '_rrantv%

fcor trs initial MTD's , the '-l'rPF'G value is not plvt on <ne11' t<

r, v id, ,d . Abo~ve 2, 50,0 ho urs th (- twoir c u iven- areC a .. r o : A .t- I a re I.1
with, dl(e warranty/organic LCU be-inQ apiproximate lv $42 ,): 1.'' t 1 tlee

cieoani LC0 at t ne 25001 lour o At , slight-l/ 'iffernt no

in.:a VI18 s~enitivity i s lver in FIi - 4 st r5ss 1

nt wirar '' ~'~ ~ a :ut n " Th
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runs, the 15 percent growth under warranty was insufficient to meet the MTBF
guarantee value of 3,500 hours; therefore, consignment spares were required.
Under the other warranty growth curves the guaranteed value was achieved.

To indicate how the model could be used for other sensitivity analyses,
we varied the Air Force average corrective maintenance man-hours required
at the on-equipment level for a failure involving a module under warranty.
The results are shown in Figure 9-7. The four-hour curve in Figure 9-7
might be considered our base value; i.e., for the basic input, which includes
four hours required for a failure involving a warranted module, the saving
for a five-year module warranty is slightly less than $400,000. Howe%.r, if
through warranty improvements in troubleshooting and simplified procedures
the contractor reduces the time the Air Force needs to accomplish this
maintenance to one hour, the saving increases only to a little over $420,000.
As noted for the various warranty periods, the saving is relatively insensi-
tive to changes in this category of maintenance man-hours. For example,
reducing the maintenance time from four hours to one hour, a 75 percent
reduction, increases savings by about $20,000, but this represents less
than 0.11 percent of the LCC. As shown later in this chapter, the saving or

loss is relatively insensitive to some variables because a relatively small
number of failures is expected. This is especially tru: for the maintenance
parameter shown in Figure 0-7. A significant reduction in man-hours per
individual failure becomes relatively insignificant over the life cycle
because of the relatively small number of failures.

The final sensitivity analysis is shown in Figure 9-8, which indicates
the sensitivity of warrantv savings/loss as a function of risk used in
the pricing alaorithm. Since it may be several months before actual bid
prices for the transponders are known, our sample analysis uses prices com-
puted by the model. Because of the many assumptions made in our samile
analysis, it is not expected that the price computed by the model will be
comparable to the actual bid prices. Our purpose is to indicate the pro-
cedure that could be used, not to attempt to predict the price. Figire 9-8
shows how much the warranty savings/loss depends on the contractor risk
factor used in the pricing eqiation. As the perceived risk increases, the
warranty price increases and there is a resultant drop in the warranty
savings. The longer the warranty period, the greater the impact of the
risk. For exam7le, for a five-year warranty savings are reduced approxi-
mately $240,000 when the risk is perceived and priced at 8 percent rather
than 2 rercent, whure for a 10-year warranty the savings would be reduced
by approximately $880,000, which actually results in a loss. Because of
the importance of contractor risk, and its effect on warranty price, Section
9.4 demonstrates a Frocedure for quantifying these considerations.

_ Ln,: I:, I 1 ta1: th. transponicr procurement, this see.tiol shows
.<. ,.r e~t .t rnK ons can be analvzed. The offect on eontractor

=: .. - ~~~~~~~~~~~~. ...... .-.. .-....... .. .,--..-- .i.--



profits due to error in estimating MTBF will also be shown. The following
data values are used in the sample analysis:

. Hardware - 140 Transponders @ $100,000 = $14.000 million

. AGE .500

. Miscellaneous .200

. Total Cost Excluding Warranty 14.700

. Profit @ 12 percent 1.764

. Contract Value Excluding Warranty $16.464

For the warranty, the following data values are assumed:

. Total Operating fiours for the Five-Year Warranty Period -
2,272,320*

. Contra,-tor Cost per Failure - $300

. Contractor Cost ijr Good Return - $150

. "Retest OK" Rate 1 10 percent

. Profit and Risk Factor = 15 percent

. Contractor Fixed Cost Associated with Warranty - $250,000

. Contractor Yearly Cost Associated with Warranty - $250,000
($50,000/year)

The costs per failure and per good return may appear low when comnared
with those associated with many reparable items. However, it is ex:,ected
that under the module-level warranty assumed here, a significant number of
the returns will be printed circuit boards requiring only a comp.onent

rep:lacement. On the basis of these data, Table 9-5 summarizes contractor
warranty cost, irotit, and bid ijrices for four differunt IMTBF levels. (We
will subsequently us , the 3, 500-hour level as oL - base case for an M502F

guarantee.) As noted, we have included $250,000 for fixed costs and $250,000
for other yearly costs ($50,000 per year for five years for warranty admin-

istration and reorting)

For explanatory purposes, the computation is as follows below for the,
first case in Table 2-7,

Total Op~erating Hours
Total Failures Proc-essed Tti HMTBF

2,272,320
93092, 500

*This valu,- w ,a- -aI, ryitd u-sinq the installation and ot eratinq-liour

sch~,-dul, for th , r warranty, ,eriod sho- in Appendix A. Iv i
15s s t an Ialf th _ t ota tIa n - ar o ,tratinq time, of 4, ,%"6,72() ha urs
so , > atr ot. ino tall, d until tii. s(conc and third years.
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1'jr :c 9-5. ANALSI A> WARRANTY 1CST>, 11 ,IT, AND LIE,
PkIQES FCP VARYING MT11F

Ave -I "Ret-t Ig 7arrai,r'. a.rrart:.
A ra l F' I I re, W rranty Warrar tir SMT F r, x t .f ,.'n = ©K ' " rofit )S I iric, .$

} 'r" re -Ud Cr ~v osts 'S Cos. ,

Mill ons) M lilo.s'

1'i .288 0.758 .!., 8,

7 * .24,-, -. ..3 1.

7 72 .1206 .05 1.i6

*T' ta oarra:.t, _ost Increm,!tal lost * L. million fixed costs + m .2 i -n total

arI:' t .-ars 1 5 ,0. % ,,ear),.

Total Failures 909
Total Returns . 1010

0.9 0.9
("Retest OK" rate is 10 percent; therefore, failures equal 90
percent of returns.)

"Retest OKs" Processed = Total Returns - Total Failures
= 1010 - 909 = 101

Incremental Warranty Cost = (Failures Processed
× $300/Failure Processed) + "Retest OKs" Processed
x $150/"Retest OK" Processed

In remental Warranty Cost = (909 x $300) + (101 x $150)
= $272,700 + $15,150 = $287,850

= $0.288 million

* Total Warranty Cost = Incremental Warranty Cost + Fixed Cost
+ Total of Five Years Other Yearly Costs

= $0.288 million + 0.250 million
+ 5 ($0.050 million)

= $0.788 million

" Warranty Profit = Total Warranty Cost x (Profit + Risk Factor)
= $0.788 million x (0.12 + 0.03) = $0.118 million

* Warranty Price = Total Warranty Cost + Warranty Profit
= $0.788 million + $0.118 million = $0.906 million

Table 9-6 shows how contractor profits are affected by errors in estimatino
MTBF for warranty pricing. For explanatory purposes, the comiutation is
shown below for the first case, in which the actual MTBF avrages "500
hours and the contractor's price is based on an average MTBF of 300 hours.

Th iercnt trror in. t'i,> MTBF bid value is
(bidactu ) 3000% - 2500
bir _ - Act .... 100 - 2500 100 20t

A~I- I

\ Actual 2--

I-1-

2' .,.. -
* .- ., i-';*~L~h~~rn
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T , 9-t. LFFE T -Nl C5NTRACTOR ?PCF!TIS F ERROE IN ES'I 1 ATING MTIbl

ESx ectd Actuul i r -

Ac a L P, r: 'rA Bid Price Actual Profit ($ Profit '$ 1 1, ,

MTBF 2TF Err i X.1 I iYons) cost S millions) tili 15
MllIIons) Based on Basod on frtc Fis

Bid MTBF Actual '!TL1) )rf

I 37C
- .' 3> i. .31>2 11.458 1.57>. 2 2

-i - 17. 37(' P .44 1.882 i. '3'* .

, 1,.7 17.27, 11.440 1.67' 3k,

-2 .1 1 .37 11.406 1.882 li64

o, -14. 3 17.31? 1-.4-'b 1.871 1.3,

SI 1 .37, 62.38 l. 2+ .4

l - 2 { . 1 . 3 1 - 17.3 5 7 l o 7 5 1 . 3.

j ~17 .27() 11.3 61 157k 1.'6

i Pr: . .. :c .i and actual :TPFs ar, both 3,: - hours. Profit = .-(4

2 ra t ox : -f orract:- x- 5 . ,3 rlli :or cx -teo warrAnt' :rfit for

The bid price, including profit, is calculated as follows:

Price of Nonwarranty Items $16.464 million
+ Price of Warranty (3,000 hours) 0.851

Total $17.315 million

The actual cost is calculated as follows:

Cost of Nonwarranty Items $14.700 million
+ Cost of Warranty (2,500 hours) 0.768

Total $15.488 million

The expected profit is calculated as follows:

Profit for Nonwarranty Items (from first $1.764 million

p aragraph of Section 9.4)
Expected Profit for Warranty (3,000 hours) 1.iii

Total 1.875 million

Tho act':al ,rofit is calculated an folio%.c;:

zxl Pr ic $17.315 mill ion
A.:tuiaI 1 -t 5. 4 5o

Fo f I.827 million



The pe(rcentage increase or ducrease in jrefit i;~ o atd

follows:

(Actual Profit - Base Profit 10=$1.827 milo 1_.'e7.
Base Profit j MI-I-I----

=-2.3%

We note that there is little impact on profit as the contractor t.r

overestimates or underestimates his bid MTBF price in relation to tl<- a,_tual
MTBF obtained. This could have been anticipated because of therlios..
between the profit on the hardware ($1.764 million) and the profit on thte
warranty ($0.102 to 0.118 million). For example, if the contractor over-
estimates the MTBF, his warranty costs will be higher and his warranty
Lorofit lowe-r, but the warranty profit reduction is relatively insionificant
T,,hen cominared with the hardware profit. While the contractor would like to
increase his profit by 6.4 percent (Case 7), this is probably unlikely. Tt
Jalso unlikely that he will overestimate his MTBP by 40 percent (Case 2);

however, even if he does, his profit is reduced by only 4.4 p-ercent.

A very impbortant factor that .,as .Ixcluded from the foregoing analysis
is the MTB9F guarantee commitment. _ we assume an MTBF guaranteof of 3 2.)

hours in :ases 5 through 9 in Table,- _-G, te guarantee was :,,t or ext dd,4

so that consignment spares w r re)t aj-t1 ica'ble. However, in Cases 1 throe.ch-
4, the ,ITBF g4uarantee of 3,500 'rs_ may rnot have been met. The actual VY'iD
values wert, assumed to be averageQs ev,-t the warranty period. For Ca ses 3

and 4, if the average was 3,U00 hours, it is3 li-kely that thie MTBF in the
final measurement period reached 3, 500 hocurs ana no consignmtenrt s,.ares were
rec_;u i r ed . 7:n the first two cases, where the averace was 2,500 horit is
unlikely that 3, StO hours was attained. Therefore, we will. examine the
impact of ccnsinment s: ares For C:ase s 1 and L 2 0-or>TP

Sectioen 5.4 of Az-pendix D rcovicl<s a -. ethod for ienm: c h cum 'r
of coonsi, nmn spares . The frrmula is:

m. maximium number of MTRFc piznline cons ine a.are un;its (recede
to the c'x hiqghe-r whole numbe~r)

nuirber of s;:arns currently iociedto the, Gove-rnment t.'lln:.tc:
%M. 7 11H uairant.- tprovisitens

A (~fA s rl-arr than, 1, it -hall re~iefin-eles 1)

cc.i F 5, _ U 1Ac 1:'-11 r t o i f )1 o :r cI. m-c., S ccI- " I

ci%- MTB1' )f unit



a target" sp~are s level calculated as fol jews:( ~~2 +3 +T \/

where 23 rutarese.its the number (f pipeline da',s to and ft m ti,, --ontractr-r's
rae ili t- - and Tr is the re ll untrari-r r-; air turnaround t ins . AOT
rc2pre~sents the a verage aI er at fi~q t irn (,,n i ne ta I IE<d uit; (-.r doxi.

For our sample a-polication we will a; n on me-asurement Tr-riod at
thne -nd of the warranty period, with the- fi: I MTE3F Lein~j 2,500 hours;

iethe guaranteed MTBF was 3,500 hours but final achieved MTBF was 2,,%0(.,
hours . Note that this situation is prbh:more. unfavorable to the con.-
tractor than Case 1 or 2 would indicate. If the- aVe-rac- IATBF over the
;-eriod was 2,500 hours, the final MTBF wai; Irob-ably,, grfeater than 2,50C

nours. However, to demonstrate the worst-case- situation, ,;k will use-

2,501) hours as the final value and make hefolloWin:'- -OnM UtatiOr.:

N = averarlo number of units installe-d 140

Trotal )I,-rating Hours = 2,272,320

AuL 1 2,272,320 houys "'(Ur da:
142 (365 days/year '5 oears)

A-= 3,500 1 =0.4
2,500

Tr =22 days (assumed)

3 40l(" - 22~ + 16 14(C, '. 34

S 22.6

m W. (4 -22-6) 4 oun'a: no own t-,-"

This comiuta t i'r %, id r.tul t i n t' .uitrv-L:tc ' iI
roDvice- nine uni ts to th, Air Forc at tf

3Lniiar comieutatilun fo,-r a final --)fP 3u'-)C' 1S r' I:, 0 li
e:rcowided. T-res;,Iln' im" act '-o' t Cue to

is Lnalcated in Tr-I'I tIi-.t i ulnT il"u
Or 'r Tah!e 7-6.- T!,,,- fourth; ".lu-"n is tix ":)t a-rr ':---t >r t!. '1 '

Of -s'J" ares 1e I. In

-' t- t'lc 1 ro L t3 u -, - ra , int

9~ 1 i)1'

r ti

f..



so ($1.8 million) would approximately equal his profit on the hardware arnd

result in an essentially break-even situation. It should rne rc:-mEmbc-rcd

that for this to occur, the contractor would have had to guarantee an MITLF
of 3,'_'0 hours anid, after a five-year warrant,, p.eriod, to be unsucces, ful
in achieving a final MTBF above 2,000 hours. This i.3 considered an extr~~m . ,
unlikely situation.

The last as7nect of warranty pricinq that we will consider he re is the
warranty price per year as a percertagc of acquisition price. Such a per-
centage can be quite misleading since variations in ecui_;cent re-liability,
accuisition and repair costs, and operationsl --sage ratrc can si :nificantly
affect t:-.e value. However, since this necntg s commonily used as a
.. art ;fthe evaluation of the cost of warranties o n aviornics .cion, we
consider it here In relation to the transponder yro,.urcenient.

In this section we assumed data values and computedl the .;rices show.nL
in Table_ 1-5. For example, for an average MTBF of 2 ,5C,( hours the com ;uted!
,,arrant,., ;,rice -.,as $0.906 million. Although the p-rintout is niot shown, we
also uszed tb-e price estim-ation ecuation in tne model. 'to approximate 2,5C,_
nours we input an initial MLTBF of 1,875 hours which yielded an averag4e of
2,638 huurs and a resulting warranty price of $0.895 million. For compar-
ison purrses w,,e then computed bid prices on the basis of assumed -nrices
per year as a percen- of acquisition price. For example, for the delivery,'
installation schedule in Appendix A it can be shown that for a five-year
warranty, the averag:e warranty period for thne entire population of equip-
ment is 3.914 years. A 5 percent per year warranty price for: the uuantity
of 14,) transponders yields

3.'1 %Iar.a 1 yev1ar ISIOOj,Q00C'enit- 14o unit--- $2.74 m-,illion

-a .C , 2 ojkittot~on ',-,r 3 1r'ree~nt , and t n~nltros

ri M2d. j:- ii o i i d rio: L .i tr nthan ha'> tie mod0001 co :;u tie a
Iii: ro:tsULLT-'.thor wtti ) r two i rio- n(- mekthordiZ ment ten,.d al-ov-:

Ar : el ' Ac; :1, a Ie (,; s -t $0. 3'_ I 2 iien c . ur s a t 1

ii. -V.Lr..0toc.. ',' T) I t ion at cercon (TL w
-:Jitl,'K. a t ae t r el t ho....

-cis hr in'er ~ so s'c Thca 1ni'(sr' f tli:; i c i



Tabl e 9-8. COMPAR1ISoN OF WARRANTY PRIL'IN(; M1ICTHOL)S Alm)
RESULTANT SAVING/M(OSS)

Percent per Warrant.' Warrant,,'
Year ofPricing Method Aqiton Price ($ Savin.j/(Lnss)
Acqiciio Thousands) ($ Thiousands)

M'odel Price Algorithm 1.63 8',5 714

Assumed Repair Valutos, Tahle 9)-5 1.65 906 Not Calciuat'-d

Percent cer Year Computation 3 1,644 (>3

52,740 (1,506)

is that for avionics equipment, a warranty price of 3 rercent i-cr year of
th;-e acquisition price would normally be considered "low... Yet in our crournc-
equipment exam ,lo such a "low"pic would result in a loss on the warrant'..

Eecaulse Of the higlher acquisition price rno r unit and higher reliabilit.'
couple--d -with less total olp.erating time (therefore, fewer failures) , it is
eXprcted th-it for (ground electronic eonilnment, warranty i-rrice exiuressed

f as a percent rt er year will be much lower than is commonly found in avi.onics
pr-curements.

93.5 SU-MMAR'Y

This chanter has demnonstrate2d an a:;nroach ',-at can b US -d to ,VrA1Uate--
the ia tolication of war rant, -;uaran tot- to cround -letronic ecut mnt. Pro -
curement of ground TACAN transponders and (,;,t,, rcai ni-ne to- tl -wer
assumn-d. The die-cuss ion in eio .2mpadxtn> rcr" t
meets the major criteria for a %-.'.arranit' wi th %MF AI ter l hihe
tnerE L nore: risk inapl n an ',TBF guarant- to' %,ir .et J-;ant , n d'A

inon th : cm;.Otitivc- :-nvironnerit, theu total val].ir,'a I- of the- hardware,
and cortractor roh; tIrc,-p ti0r, t-nis ma,. a I s ' c a .- 41 *' 1 tiDn.

!: I ured data the:t economic model < i a
SJto ec ~t~ onomice as;tects of a' '-l'vimC' aIr 'aate T.-.

daecata~'~I i,- a re-latively small (11'o rcnjt) zavijin i >1 ereoanic

ima afl fiw-year warranlty, was at l.,i -d ad I ' fit'." -nears
eril, t- rla'ce S.--i' ral ine~utsw %ner- varied 'rr 'tosn

'I~illO5to &ifi'tint,,ut r-)arameters. It was dtermined
a~ n L~l o th a, nsl' a r lativel'vi eV t

''in, '' ' PI mall nmimhr Of -il 11s : 't P at- r

il -L: i t nl t aVI in I m Ll rtr g onI:: 't n i

'I t >' not 's' t It itmiensa utle'i
.tirrartv-uar in Cor such inlsurat1-- . 'A tt!,i to

'ins''' iienw'-e pre''ious 1y discussedi in -Iiaptor Six L i



Section 9.4 examined pricing considerations, including the imipact on
[rofit,; if the contractor overestimates or underestimates the actual MTRY
in relation to a guaranteed value. For the data values assumed it was shown
that there was relatively little impact unless he grossly overestimated the
MTBF and, after not being able to improve it to the guaranteed value, ipro-

vided a relatively large quantity of consignment spares. Section 9.4 also
addressed pricing of the warranty-guarantee and the impact on the warranty-
guarantee savings/loss. It was shown for our example that unless the
warranty-guarantee price was lower (as a percent-per-year of acquisition
price) than typically bid for avionics equipment, the Government could
incur a loss.

As indicated in the introduction to this chapter, the analysis was
based primarily on assumed data, not on actual bid 1.rices or Government
organic-repair cost estimates. While no conclusions can be offered on the

basis of our sample analysis, the techniques presented, coupled with us e
of the economic model developed, should aid in actual warranty-guaranteu
api lication decisions.

9,
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CHAPTER TEN

CONCLUSIONS AND RECOMMENDATIONS

10.1 CONCLUSIONS

The following principal conclusions were derived from the guidelines
presented herein:

As compared with avionics equijments, which represent the bulk
of warranty experience to date, tr:- ground electronic equipment
'rea is diverse in terms of LQuic,'ent t'.',pes and operation and
maintenance scenarios.

Diversity in the ground electronic equipment area requires that
special consideration be given to many factors that have an impact
on warranty planning and evaluation.

In some cases recent trends in the reliability ot ground equipment

may reduce the opportunity for reliability improvement; however,
there may be opportunity to improve operational availability

and to reduce maintenance and sui-port costs.

Several alternative warranty-guarantee plans are possible in the
ground electronic equipment area; analysis is required to determine

the most suitable, and the plans must be tailored to meet the sp'e-
cial circumstances of individual procurements.

Special circumstances (e.g., small quantities) that are often pres-
ent in ground equipment procurements indicatc that economic analysis
is one of the most significant evaluation criteri.. The2 economic
model developed herein provides a key tool for this analvsis.

10.2 RECOMMENDATIONS

This study has provided a range of possible warranty-guarantee tilans

which, depending upon the specific circumstances, can Le effectively
applied to ground electronic equipment. The following recommencations are

provided regarding; the use of these guidelines:

* AtPequate procurement lead time must be schoedulc_,d to permit warraxt;-
(iuarante2 planning and analysis.

10-1
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. Warranty-guarantee provisions should be tailored to specific pro-

curements and to the objectives of the warranty-guarantee

application.

. Since several of the plans developed herein are as yet untried in

actual procurements, they should be exercised with care.

. The final decision to use any form of warranty-guarantee for ground

electronic systems acquisition should be based on an economic anal-

ysis during evaluation of contractor proposals.

1 0-2
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APPENDIX A

MATHEMATICAL MODEL AND COMPUTER PROGRAM

FOR ORGANIC WARRANTY LCC ANALYSIS

1. INTRODUCTION

The objective of this appendix is to describe in detail the model and
its associated computer program. Information is included concerning prep-
aration of model input data as well as step-by-step operational instructions.
A numerical example is provided to further illustrate the model's use. De-
tailed listings of the program code are included, together with a program
flow chart. Equations used within the model are provided, as well as sup-

porting parameter definitions.

This appendix documents the mathematical model and its associated com-
puter program that is applicable to the economic analysis of life-cycle

costs under warranty or organic maintenance. Chapter Six of this report
described the model in general terms, provided guidelines on its potential

applications, and described the life-cycle-cost elements employed in the
economic analysis model.

2. MODEL CONCEPTS

2.1 Applicable Computers

The computer program is written in time-sharing FORTRAN Extended appli-

cable to the Control Data Corporation Network Operating System (NOS). This
study was performed by using the CYBERNET Services FTNTS subsystem. This
program, with minor modifications, can be converted to other time-sharing

or batch systems.

2.2 Model Overview

Figure A-I presents an overviuw of the mathematical model's program
logic. The model makes use of two basic data files:

" The g'2n-r;l data file contain, data describing the maintenance and
warr.ant: -once-pts, together with basic labor rates and similar in-
f (,rr .-.L ion.

" The equioment file provides iiifoimation concerning the item's reli-
ability, acqruisition cost, and other applicable descriptive data.

A-i
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Program initialization includes the instructions to the progrdm con-

certiini the tyvjs and amount of printout desired. In addition, instructions
are provided concerning the various warranty periods the analyst wishes th-
:roiiam to uxercise.

Wit!- all inputs entered, tne program computes the unit's MTBF on the
basis of growth criteria furnished for selected periods of interest. Sparr.
requirements ac cort uted together with corrective and preventive maintenance
costs. With thL'se factors accountable, total life-cycle cost is comp.uted for
organic maintenance for various time periods as specified by the input para-
neters. Results of the analysis are provided to the analyst as specified by
the initialization.

Changes may be made to the data set to perform a sensitivity analysis.
These changes will modify portions of the two basic input data files, thus
allowing sequential analysis runs.

2.3 Maintenance Concept Representation

A large portion of the model is to compute the maintenince cost for
various organic and warranty maintenance concepts. To gain insight for pro'-
er model use and input data development, the approach used within the model
to dovelop maintenance costs will be described.

The maintenance concept involves corrective maintenance, preventive
maintenance, and sparing. Subsection 2.3.1 presents the algorithms for both
corrective and preventive maintenance and the interrelationship between cor-
rective maintenance and sparing.

2.3.1 Corrective Maintenance

The equation for the average corrective maintenance cost (ACMCk) per
year k is

ACMC =L2'~l i [(ALRCMi)Xi + Y (ALRCMIk 11=1 Z-± iZk k '3

where

ALRCM. average labor rate at each maintenance level i (weighted for
both subasse.,blies and modules)

i = index on maintenance levels (1 - organizational, 2 - inter-
mediate, 3 - depot)

9. = ind x of bsse types

B number of base ty':es

X = corrective maintenance man-hours per maintenance level per base
type oer month for year k (two maintenance levels, organiza-
tional and intermediate)

A-3



Yk = corrective maintenance man-hours for thke dePot per month
for year k

The algorithm is designed to ilow for fixed man-hours or a demand-
driven man-hours calculation. The computer program selects the greater of
the two as follows:

XiZk =MAX[DYiZk, FXi]

Y = MAX[DY , FYIk k

where

DXi k = demand-driven corrective maintenance man-hours for organiza-

tional and intermediate levels per base type per month per

year k

FX fixed corrective maintenance man-hours for organizational and
intermediate levels per base type per month

DYk demand-driven corrective maintenance man-hours at the depot
per month for year k

FY fixed corrective maintenance man-hours at the depot per month

The demand-driven DXik is

DXiZ k = ACMHMi k CNSi:.-

where

CNSI = the namber of installations at base type 1 in the year k

ACMHMi2'k = corrective maintenance man-hours per maintenance level per
base type per month per installation for year k

H-M(l)
ACMHM k M () ID. (CMS.) + F. (CMM.)] for i 1 1, 2~iZk SMTBD (k) i

where

HM(l) = average operating hours per month for base type 1

SMTBD(k) = mean time between demands of the system in year (k)

D. = proportion of total subassembly-level maintenance tasks
1 proc-ssed at the ith, maintenance level

F. = proportion of total module-level maintenance tasks i rocensed
a,t it", maintenance level

'MS. = avra;,, man-hours for a subassembly task at the i t ! main-
t -A[, level

-MM. = averap man-hours for a module task at the i t h maintearce
leveA

A- 4
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Similarly, the demand-driven depot corrective maintenance, DYk~i

DY !B IHM(I)CNSII1 D1J S (M
D~~~k~ MTi- D [ (k) )+F(CN)

The average corrective maintenance lcibor rate ALRCMi can be tound from
the following (Note: this computation is not included in the computer

A program):

n
ALRCM. = 1 V. R (1 + ~. 1+ P.)

' r=-' ir r 1 1

2.3.2 Probabilities of Maintenance Actions.1 An important set of parameters for computing corrective maintenance

Lies are the corrective maintenance weighting factors Di and Fi. These
weights are computed within the program on the basis of a series of proba-
bilities used to describe the maintenance activity at the various levels.

To determine these probabilities, a node chart pipeline flow is nec-
e-ssary". This flow chart is illustrated in Figure A-2, which contains the
input probabilities -for full organic support. The flow chart is constructed
from left to right starting with system demands at nodeOD. The system
demands are iivid3ed into two paths. The solid lines represent the flew of
subass mblies, anid the dIash-d lines reoresent the flow of modules.

-he rode c;nart ,scnstructerl so that all probabilities associated
with the, flow out C ac;-, nuo must sum to one. For instance, at nod
P050 and 1 - C<sm iii- e dashed line that flows from niode t to

noe(5 o nc, i tT 10 indicates the flow of a Module
wni i .he C a l 1 at the_- inttermediat<, level, causecd an

action tc b. t er r n 1 1, Ar a umpt ion has been madle that foi each
sul auseribl-., r ep I a~t level, a failed module will be

Caniu th Ei rh o bability PSO states that

at no-.' ac aL ,i suLaasseniblIv. Pro,,eeding to no6e

0. P0) Ill t ~ 1 1* t i I em will !>' 1iepaireci at the
orqanizti oral s~e ~ ubassembl ies continue to node 0
th2 intce mediate Vi~I§miL j* no.Te folII~vn three(_ actions can
be taken it*' a in.s L _~rttermtiiat-i

*Thc uaomii nRtsCO ( RTOIK Tnils a 1 Cu itIC In is accounted
f _r b.thie tte.r' P'] "F., ."ILCI i s ttue 1 robaibil Ity; h ts- K ot a
subsa itIml t", t-n itmud iat level.

-!)..~~t t,. tho -1, ; t, nol1, Q . This s it',;afi on is accounted
f-br -,y PTS', the' n robabilitv that a subassemblv is; not repairable
at the in,(mkaielvel o'f maintenance.

A- 5
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Repair the subassembly at the intermediete level. It has been assumed
that to repair a subassembly requires a module spare. Thus for every

subassembly repaired at the intermediate level, a module demand is
generated for the intermediate level.

At node Q , the depot, two actions can be taken -- the subassembly
can test "good" (which is accounted for by the probability TGDSO) , or the
subassembly will require repair at the depot.

The second path from node is the percentage of modules that require
action due to system demands at node i This probability is 1 - PSO.
The percentage of modules that can be repaired at the organizational level,
node 0, is accounted for by POMO (the probability that a module will be
repaired at the organizational level). The remaining modules, accounted for
byi - POMO, are sent to the intermediate level, node ®. The following
three actions can be taken on a module at the inturmediate level:

The module can Retest OK. This situation is accounted for by RTOKM,
the probability of a module Retesting OK at the intez-nediate level.

The module cannot be repaired at the intermediate level and is sent
to the de-ot, node 0. This action is accounted for by PNRTSMO,
the probability that a module cannot be repaired at the inter-
mediate level and is sent to the devot.

Repair the modules at the intermediate level. This probability is
I - RTOKM- PNRTSMO.

At node Q , the depot, two actions can be taken on the modules -- the
module can test "good" (which is accounted for by the probability TGDMO),
or the module will recuire repair at the depot.

The nine probabilities in Figure A-2 will thus specify the flow of sub-
assemblies and modules. These probabilities can be specified independeo tlv
of one another except in the case of the intermediate nodes, where three
actions can occur. For node Q and node , the Retest OK and the prob-
ability of NRTS must be less than or equal to one.

The nine probabilities tnat have described the maintenance flow are
inputs re,{uired for the economic model. Sp ecifically, the' are tne inputs
for oroanic maintenance. A similar set of probabilities is required for
warranty. 'he follow in is d one-for-one comparisoc,, of the organic and
warrant: -obilitcv inputs:

Oga niWc arrnt'.

Ti T
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It should be noted that RTOKS and RTOKM are not included in the above
list because it has been assumed that the Retest OK probabilities a: the
intermediate level are not a function of whether organic or warranty support
exist. It should also be noted that the seven input probabilities for war-
ranty will change depending on the level of warranty. For example, if the
warranty includes contractor maintenance at the depot and intermediate level,
the probability that an item will be NRTS'd to the depot will probably be
different than if the contractor warranty is at the depot only, and the Air
Force is responsible for intermediate maintenance. This factor must be
considered when constructing the probability inputs.

Thus far it has been assumed that three levels of maintenance exist --

organizational, intermediate, and depot. There are situations in which no
distinct intermediate levels of maintenance exist, although there is a base
spares supply; i.e., failures are NRTS'd direct to the depot from organiza-
taion~l maintenance. The model can account for this situation if tne follow-
ing parameters are inputted:

. RTOKS = 0.0

. RTOKM = 0.0

. PNRTSSO = 1.0

. PNRTSMO = 1.0

* PNRTSSW 1.0

* PNRTSMW = 1.0

These parameter values tell the model to spare at the intermediate
level but not to 'epair at the intermediate level.

The probabilities discussed are related to system demands and not s':ystem
failures. The relationshij of system demands to system failure s is

-YF

-D 1 - FPR

whe re

S stem emands

s ustlm filL

PF fas is :ul ] rate

irm, > l- :' '7l i I'J: u:r~, W, ca0 'C s,:en tA,]t , a: .,:u] r
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pulls must be identified. After some algebraic manipulation, it can be

shown that the false pull rates for organic and warranty are as follows:

* Organic false pull rates (FPRO)

FPRO PSO x (1 - POSO) x (RrOKS + PNRTSSO × TCOSO)

+ ((I - PSO) X (1 - POMO) + PSO x (I- POSO)

x (I - RTOKS - PNRTSSO) , (RTOKM + PNRTSMO x TGDMO)

* Warranty false pull rates (FPRW)

FPRW = PSW X (I - POSW (RTOKS + PNRTSSW x TGDSW)

+ [(i -PSW) (l -POMW4) + PSW X (I- POSW)

x (1 - RTOKS - PNRTSSW) I x (RTOKM + PNRTSM4 I TGDMW)

These false pull rates are calculated internal to the economic computer

model. In addition to these calculations, the program also calculates the

-orrective maintenance weighting factors Di and Fi . Thesie factors can L
written dire-tly from the node chart of Figure A-2. The corrective main-
tenance weightinc factors for organic and warranty surport are as follows:

* Organic corrective maintenance weightinc factars

D = PSO1

D, = P.0 x (I - POSO)

D=D-) . PNRTSSO
3

F= 1 - PSO

F2 = F X (1 - POMC) + PSO X (1 - POSO) (1 - P. -"

F 3 = F 2 K PNRTSMO

* ,arrant, correctjve maintenance wci-'htin,: fact

D = P W
D =  P-W - (I - POSW)

D 3  D2 < PNRTSSW
3 2

4 ) --



wherec

R rate for r tlabor class

ir

n =number of labor classes

Qi adjustment factor to account for cost of matcrials at h

maintenance level

P. adjustment factor to account fur cost of travel at i tlmain-
tenance level

2.3. 3 Preventive Main'enance

Th e equation for the average preventive maintenance cost (-PM:C,) r
year k is

~2 B
A PMC = 12' [ ' (ALRPM, k APM)Z

k i~l Z.=1 Zk k ARM~

where

AI.RPM. averaue labor rate for preventive maintenance at the:
level of maintenance

i = index for maintenAnce level (1 - organizational, 2 - inter-
mediate, 3 - derjot)

= nex for base t','oes

= number oDr base types

Z_ aveakge pr-ventive maintenance man-hours per )ase -per moi th
rar '.erk for the organ-zational and intermeuj4ate levels

ZD k =A3-' pr-_-venti-'s maintenance mani-lnolrs per montn per'o
k t the deoot

T al ci'o' ,n ihm ma designe-. mo allow for fixed man-hioujrs )r adea-
_,riven man-!-,ours calaul atior. The computer proo;ram select,; t!' ojroot<_ oDf
t-Ir& tr as f I Iows

-0 *'-.~C, o -aj moo-!) ii- "o ifjani zationalI
Kay ro:<s rb month li xa

01 it
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The demand-driven DZ is

Z ZkDZik = H,(PMlR.) (CN~SI; k

where

Hh = average operating hours per month for base type

CNSIk = number of installations at base type 1 for the year K

PMR. = preventive maintenance service for the ith level of main-

tenance per installation

PMRi is calculated off line as follows

m
PMR. = P./F1 j 1 i ij'

where

th
F.. = operating hours between the j preventive maintenance task
13 at the ith level of maintenance per installation

P.. time in man-hours required to perform the jth preventive
maintenance task at th<, ith level of maintenance

Cnnsider the following example to determine PMR1: Two types of preventive

maintenance will be performed on each system. The first preventive main-
tenance is once a week and requires <ne hour. The second preventive main-
tenance is once a month and requires three hours. Both are for the organi-
zational level. The system operates 24 hours a day, 30 days a month. Thus
PMR 1 is

1.0 3.0

S-24(7) +  24(30)

= ().00595 + D.004166)

= 0.01012

This met'.od allows for the summinq of many different tvne; of n:reventive
maintenance at each level of maintenance.

Th,-, demand-driven denot preventive maintenance DZD, is as follows

B
FI'D = iR3 i . :151

,' --- H ,J k

1. r t bI r

IIF'--.----
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1
where

R = rate for labor class r
r

W.i = propoition of r thlabor class used at i thmainrenance level

n = number of labor classes

M. = adjustment factor to account for cost of material used as 1part

1 of preventive maintenance

T. = adjustment factor to account for cost of travel incurred in
accomplishing preventive maintenance

3. DATA PREPARATION

The computer program for the mathematical model has two forms of inputs:
(1) two data files constructed prior to program execution and (2) interactive
inputs entered through an interactive terminal. This section presents the

former, while the interactive inputs are discussed in Section 4.

The aeneral data file contains non-varying data for subassembly or

module type. It includes, for example, labor rates, contractor profit per-
centales, and training costs. The second file contains equipment-level data,
describing the subassembly and modules included within the equipment.

A line of data for either file has the following form:

Line Number Blank 1st Data Element, 2nd Data Element, etc.

A sample data line for inputting labor rates of $10.11, $11.50, and

$14.00 would be

55 10.11, 11.50, 14.00

where 55 is the line number, and the subsequent numbers are the labor rate
data. The line number is a convenience for the user and is ignored by the
program, but it cannot be omitted. This data format for the general and
equLpment files must be structured as outlined in the following subsections.

3. 1 General Data File

This file describes, by using input parameters, the maLntenance con-
cepts for b~th organic and warranty ilternati :s. In addition, the vari-
ous rate and other cost functions are to be supplied. The format (order)
of the general data file is pres nted in Table A-1. Irogram line numbers
610 trouY- S rd line numbers 1170, 14 00, 1760, and 2010 are statements
that read :. efinitions of the inrut terms contained within Table
A-1 are re .sent it Table A-2.

A-]2



Tab 1, A-1. crTNTS OF' (IENERA1. FILE F-11 LV DATA

SyrnboI Input Data E1,,rn'rts

Ll- PN~r'1L8, PNR'rSSW, PNRI'MO+, PNRWTSMW

LI PSO, PSW, FPW

LI 00,PWPM.P1MWn

LI 10050, q'(IE1SW, T(;DMO * ''MW

Li TBRCCI. 'IPFBC:W, TOSS, ()SMl

LI TDR(OSO, TRDCSW, TDRC,4 0. TDRC.MW

LI M~ORT, VMOD, PUDAF

Ll PSUFF, BY, Dk, NWC

LI CFCMHD, AF(:MHUD

Li I-ALRCM (1) , CALRCM(2) , CALRCM(3)

LI AALRCM(I) , AALRCM(2) , AALRCM(3)

LI ?7MM0. 1) CC-NVL(2) , CCMIL1 3)

Li ACML :1I mc .O2) ,

f I DYL; A:L1

LI .111MM:), A i. 2)

LIL)KMI -.APM2 L)PM( 3)

LI A A L",X 1 AA L R2-1 2) , AA1,R)

Li 1)-:,*51() 03

Li

Li 7, 0 A '?D, P m )1v

-l _,E ,

LI~~~ "K', 0'

**~~~ 3.. . . .



Table A-2. DEFINITION OF INPUT TERMS

PNRTSSO. The probability at the intermediate level that a subassembly
is sent back to the depot for repair under organic maintenance because
of Not-Repairable-This-Station determination. Generally, subassemblies
are repaired at the intermediate level of maintenance by module replace-
ment; therefore, this parameter value is rnrmally low (i.e., under 0.10).

PNRTSSW. The probability at the intermediate level that a subassembly
is sent back to the contractor for repair because of Not-Repairable-This-
Station determination when a warranty exists. This parameter value will
vary depending on the type of warranty selected.

PNRTSMO. The probability at the intermediate level that a module is
sent back to the depot for repair under organic maintenance because of
Not-Repairable-This-Station determination. Generally, this parameter is
low if component parts are stocked at the base, but it can be high if
components are not stocked at the base.

PNRTSMW. The probability at the intermediate level that a module is
sent to the contractor for repair because of a Not-Repairable-This-
Station determination when a warranty exists. This parameter can be high
if full module warranty is selected, or it can be as low as that experi-
enced under organic maintenance.

PSO. The probability that a system demand at the organizational level
will require action to be taken on a subassembly under organic main-
tenance. Generally, this parameter will be high, usually in the range
of 0.90.

PSW. The probability that a system demand at the organizational level
will require action to be taken on a subassembly on which a warrant%
exists. Generally, this parameter is equal to or greater than PSO.

RTOKS. The probability that a subassembly demand at the intermediate
level will result in a Retest OK. Thie ape.lies to both 9ranic and
warranty.
RTOKM. The probability that a module demand at the intermediate level

will result in a Retest OK. This are Lies to het. orgjanic anti warranty'.

PCSO. The probability that a s';O:sI. 's r-'aired at the oroaniza-
tional level under organic maint nanc!. TI :acamet"<. is .suallv low,
i.e. , 0.05 or less unless the eouii munt 1-S r'msot., (r l.r ,, thus makinq
transportation of the item impract ical.
pO.-'W. The probability t-h t a isubas..mL 1: 1 r renaire: at tn2 :ranira-

tional leavel %when a warrilty ,X , thi o smn . 's ,-xi. I.' l-w,.:-
than b, IIt i t M 'I, "C; ._, 7 t- :

t
nut is 1..s "" t;, .

difficut . trarlsan,)rt.

T . Ti ir i d air ,a, aired at t: 1' ( r7e i: I at: 01.i

],.veI I re r aA[t. M. i t,: , nl I is aramet r is us al]' ' w v,
. or , -. a i umstan,:e dictates a :1ii h:;_

(ocorn" le ti,,,in1
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Table A-2. (continued)

POMW. The probability that a module is repaired at the organizational
level when a warranty exists. This parameter is usually equal to or
lower than POMO.

TGDSO. The probability that a subassembly sent to the depot will test
7"good" under organic maintenance.

TGDSW. The probability that a subassembly sent to the depot will test
"good" when a warranty exists. (Note: This parameter is affected by
the choice of the type of warranty.)

TGDMO. The probability that a module sent to the depot will test "good"
under organic maintenance.

TGDMW. The probability that a module sent to the depot will test "good"
when a warranty exists. (Note: This parameter is affected by the choice
of the type of warranty.)

TBRCO. The base-repair-cycle time in days for organic maintenance,
which is an average time. It applies to the following scenarios:

The time from when an item is removed from the system, taken to the

intermediate level, checked, repaired, and placed in the interme-
diate spares pool.
The time from when an item is removed from the system, taken to the
intermediate level, retested OK, and placed in the intermediate

spares pool.

* The time from when an item is removed from the system, taken to the
intermediate level, checked, and determined that is was not repair-
able at the intermediate level of maintenance.

The assumption has hnen made that, on the av ra.i, *<acn of these scenar-
ios wil' have the same base-cycle time. It has also icern assumed that
subassrnblies anc. mcdules have the same base-clc,? time.

TBRCW. rhe base-repair-cycle timne in days for warranty maintenance;
similar to TBRCO.

TOSS. '.rder and shin, time 7-r a subassembi'.l in dacs. This -t.riod
starts when an item is ordered and ends when the item is received at the
intermdiate level.

TOSM. )rder and ship time for a module in day- . Thil z riod st,-rts
when an item is ord.-red and ends when the itm is reiv-d at the inter-
7,ed iate le0e] .

TDRCS(,. Th, tenance
fc. a' Thl, r a i 1 t a . st 1: 1nt to

S6I ,iod A Tt-s Ih -iI: si.-1: ntrs
. , .* 3 ..< t ' ; -- , tr , ortation

0, It-; t , I-. . : . ,. t a n, I . ,.; :miit into, -;tr :..

(eonti nued)
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Table A-2. tcon-inued)

TDRCSW. The depot-repair-cycle time for a subassembly in days when a
warranty exists. The period is the same as for TDPCSO.

TDRCMO. The depot-repair-cycle time for a module in days under organic
maintenance. This period is the same as for TDRCSO.

TDRCMW. The depot-repair-cycle time for a module in days when a warranty

exists. This period is the same as for TDRCSO.

BMORT. The depreciation factor for determining the value of excess sub-
assemblies at time of transition from warranty to organic maintenance.
The equation for this value is CL x (I - TW/NY) , EMORT, where CL is
the subassembly cost, TW is the warranty period, and NY is the number
of life-cycle years being considered. If BMORT is equal to 1.0, linear
depreciation results. For example, if the warranty period is four years
and the life-cycle period is 10 years, each excess subassembly is valued
at CL x (1 - 4/10) = 0.6 CL. A value of BMORr less than 1 implies that
a subassembly depreciates faster than linear depreciation, while a value
of BMORT greater than 1 implies slower-than-linear depreciation.

VMOD. The derreciation factor for determining the value of excess mod-
ules at the time of transition from warranty to organic maintenance.
This parameter is BMORT's analogous counterparts for modules.

PUDAF. The friction of reouired discard-at-failure modules available
at transition that will be used for future organic maintenance. After
disassembly of excess subassemblies, a number of discard-at-failure mod-
ules may be available that could be used for meeting future replacement
requirements. However, not all of these modules may see service because
of losses occurring in disassembly, shipping, handling, and inventorv
control.

PSUFF. Spares sufficiency probability. The steady-state robability
that a spare will be available when required.

NY. The number of life-r'Ycle years under consideration. Gc.nerally, NY
represents the exjected useful life of the equipment but may be any
selected time terio.

DR. The annual discount rate. Use of a discount rate (typically 0.10)
translates all future dollar expenditures to a present-value basis. A
value of DR = 0 can be used for analysis without discounting.

NWC. A flag for telling th- program which warranty conc, i>t is selected:

* >WK : 1, for warranty at tie organizational, intcnred- t , and di ot

,Ftr warra:'v at the intcrnodiate end d,: ot I v. ]

W - {, i r a. ity_ t at tina dell, l'v!- on iv

(cont inud)
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Table A-2. (continued)

CFCMHD. The contractor's average corrective maintenance man-hours per
month for the depot. This is a fixed input that is considered to be a

minimum, regardless of the demands of the system. The model compares
this value with a demand-driven value and selects the larger of the two.
This parameter can be set equal to zero if no fixed manpower has been
allocated to corrective maintenance.

AFCMIHD. The Air Force average corrective maintenance man-hours per
month for the depot. This is a fixed input that is considered to be a
minimum, regardless of the demands of the system. The model compares
this value with a demand-driven value and selects the larg3er of the two.
This parameter can be set equal to zero if no fixed manpower has been
allocated to corrective maintenance.

CALRCM(l),(2),(3).*t The contractor's average labor rate in dollars per
man-hour for corrective maintenance for the three maintenance levels.
CALRCM(l) is for the organizational level, CALRCM(2) is for the inter-
mediate level, and CALRCM(3) is for the depot.

AALRCM(l), (2), (3).*-T The Air Force averace labor ratt. in dollars per
man-hour for corrective maintenance for the three maintenance levels.

CCM_ML(l), (2), (3) .* The contractor's average corrective maintenance man-

hours for a subassembly action for each of the three maintenance levels.

ACMMLO(l),(2),(3).* The Air Force average corrective maintenance man-
hours for a subassembly action for each of the three maintenance levels
under organic maintenance.

ACIMNLW(l), (2).* The Air Force average corrective maintenance man-hours
for a subassembly action for the organizational and intermediate levels
when a warranty is in existence.

CCMMM(l), (2), (3).* The contractor's average corrective maintenrance man-
hours for a module action for each of the three maintenance l,2vels.

ACMMI.tMrI), (2), (3) .* The Air Force average correctiv. maintenance man-
hours for a modul action for each of the three maintenance levels under
organic maintenance.

ACMM1MW(l) , (2) .* The Air Force average corrective maintcnane-. man-hours
for a module action for the organizational and intermediate maintenance
levels when a warranty is in existence.

CFP.M.M Th contractor's average preventive maintenance man-hours per

month for the deoot. This is a fixed intut that is considered to -be a
minmu. - r- , ardless of the demands of the I'st,,m. The node] comp ares

thi v ], wit, e demand-driven value and selects th1 dr.,r of tho two.
aromet: r ,-r b' .. equal to z ,rc, if no § xed mant ewe] is allo-

cat'd to r ,v ot 7 r:lntInc, .

*T",r,, 1 v 1L; I )r(:an-Lzational, 2 = Int<r ediate, 3 Depot.

' bs,,et m-n ".. .2 of thi- a ndix for drivotion of corr <ctivt

.m~ mnteral,: labor rat,-4.

( cont nued)
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Table A-2. (continued)

AFPMMD. The Air Force average preventive maintenance man-hours per
month for the depot. This parameter is the counterpart to CFPYLMD, and
it can be set equal to zero if no fixed manpower is allocated to pre-
ventive maintenance.

CALRPM(1),(2),(3).*t The contractor's average labor rate in dollars per
man-hour for preventive maintenance for the three mainthnance levels.

AALRPM(l), (2), (3).*t The Air Force average labor rate in dollars per
man-hours for preventive maintenance for the three maintenance levels.

PMRO(l), (2), (3).*tt Preventive maintenance service on the system for
each maintenance level under organic maintcnance.

PMRW(1), (2), (3) .*± Preventive maintenance service oo the system for
each maintenance level when a warranty is in existence.

AGRO. Acquisition cost of base AGE (organic maintenance). The cost per
base to purchase the base test equipment necessary to support the in-
stalled equipment under organic maintenance.

AGBW. Acquisition cost of base AGE (warranty). The cost per base to

purchase the base test ecjipment necessary to support the installed
equipment while it is under warranty. Generally, AGBW will be l,2ss th-1
AGBO because base test equipment under warranty usually will involve a

simple Go/No-Go test, while such equipment under organic maintenance may
also include the capability for fault diagnosis to the module level.
(Ncte that the parioneter is affected by NWC.)

AGDO. Acquisition cost of depot AGE (organic mainttenanc . The cost
to purchase test cquipment for depot maintenance.

PAGB. Annual hase AGE support cost factor. Th e fraction of base AGE
accuisition cost that is spent annually to maintain an,, su;zott the
base test equi~ment.

PAGD. Annual depot AGE support cost factor. The frac'ion of dt:-eot AGE
acquisition cost that is spent annually to maintain and supoert the

depot test equipment.

TCPW. Training cost p1tr man-week. The loaded cost to train government
Lersonnel for equipment maintenance.

WTB2. Man-weeks of training of base maintenance personnel (organic

71aintenancf . Th, number of man-weeks of training per bas, required
f as -inance personnel (organU-ational and internediate I, vels)

ind-r -rqani, ti na,_c:e.

* Vcan ia s onal, 2 - Tn ft rmediate, 3 D4,iot

' of th at ar endix for ririvation oft O inti'.

-.It0 S .

t . . t 'hi appendix for! d-rivaticn of re,'',ntivc
'l ,~~~~ma In t ,, , + i+

(continut,d)
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Table A-2. (continued)

WTDO. Man-weeks of training of depot maintenance persoi.nel (organic
maintenance). The number of man-weeks of training reqibired for depot
maintenance personnel.

WTBW. Man-weeks of training per base for base maintenance personnel
(warranty). Same as WTBO except for maintenance under warranty. (Note
that this parameter is affected by NWC.)

RTP. Recurring training factor (organic and warranty). The fraction
of initial training cost that is spent annually for recurring training.

DTAO. Data cost (organic maintenance). The cost to acquire all perti-
nent and identifiable data associated with acquisition under organic
maintenance.

DTAW. Data cost (warranty). The cost to acquire all iertinent and
identifiable data associated with acquisition under a warranty. (Note
that this parameter is affected by NWC.)

RSK. -ontractor warranty yearly risk factor. The factor to be applied
to all estimated warranty costs to cover contractor risks in warranty
pricing. The risk factor for a warranty of TW years is calculated as a

TWcompounded rate equal to (I + RSK)T . If a bid price is used, RSK must
be set equal to zero.

PFT. Contractor warranty profit factor. The factor to he applied to
all estimated warranty costs to cover the contractor's warranty profit.
Total warranty ,_-rofit is equal. to Warranty Cost • PFT. If a bid price
is used, PFT can be set e,'al to zero.

CWE. :ai-or '-Dr noncovered failures under warrant'. The factor to
as-sly to all tsinated contractor warrant. costs to cover ra},ment for
repair servics for anit failures not covered under the warranty. This
payment is cal-ulatd as arranty Cost X CWF. The value of OWF will
deornd on the exteint of the warranty exclusions and other s-ecific
warranty trm. and conditions.

DTP. Factor for data and other warranty costs. The multiplier factor
t" be ap:'li ed to all estimated warranty costs to includc- the contrac-
tar's data costs, administrative costs, and otht.cr co:3ts r'-ated t- :or-
fJrmin, watrant,' services. (See COTHW and YCOTHW for alternative
iinuLs tu ccv,-r "'ther" contractor costs.) DTP can be set eciual to 0
if a '..-rr.,ti bid r[rice is to be used.

P_ . Cont' r rtl fied cost, i.., fi::d cost that is not include'd in
over>v ad. f a *'.ntra ;ivs a SId rice, RIWFP is th'e- bid :,rice

an:d P ut h -a t 'ro. 'nt- t at this stam tIr is affect-

* " {. n;ta -, y cst c.us ntv) .at: .ost fyr Yr-
fDoming .;ir' c., , ', at atr Sat in:cludy~d ,S'Wh] c . 'Pe[ts tcat

(anO[t su~ted )
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Table A-2. (continued)

NPCO. Number of P-coded items (organic maintenance) . The number of
new P-coded or FSN items to be introduced into the invciltury und-Ir or-

yanic maintenance.
NPCW. Number of P-coded items (warranty). The number of new P-coded
or FSN items to be introduced into the inventory under warrant,/.

manaue:?-ent of each new P-coded item in the inventory.

OH.Other costs (organic maintenance) . All other costs incurred
under organic maintenance at the time of equipment acquisition.

OH Other costs (full warranty) . All other costs incurred under a
full warranty at the time of equilpment icquisition. (Note that this
iarameter can be affected by NWC.)

OTHWIO. Oither costs (warranty/org anic) . All other costs incurred under
awarranty/"organic maintenance concept at tile tine of l-uiit ac uri-

tion. (Note that this parameter can be affected by NWC.)

YG THO. Yearly other costs (organic maintenance) . Yearly costs under
orq:,anic maintenance not included in any other category.

YOTHW. Year other costs (warranty,) . Yearly costs under a w-.arranty that
are not included in any other category. (Note that this parameter can
be affected by NWC.)

CTR.V!S. Costs of trans ition. Costs incu-rred at thne tim.e of transition
from warrant,. to organic maintenance that are not included in an,-: othe.tr
category. (Note thiat this 1p-arar,-eter can be affected ~
GSET. Guaranteed egjuijpment MTBF value. The value of the ',uarantec d
.'quipment MTrF if t' crc is -such a clause in the contract. I f tl-re is
a c3ro',th factor (i the juarantee value increases- with ti a ), t

g'uaranteted MLTPF value for the last time rerioli sneould he s-.LaI

SFT -Dif thiero is nco MTBF -;uarantee clause.

TG. The number or ye ars of o;-ne-ra tio-n applicable for th e MTBF guarante
'va I u,, Let TG f or no %ITBF' guarantee clause.

P=TrG. Th., per -etaqrpi of growth in MTBF betw.1ee-n 1, 000 and hNou'ers

o~ :,ation for a -tem under warranty (i.e., iff thie g tbi con-
tsi Lrd o 10 p, r *r-?t of the initial MTBF', then ent.-r 0. 1 '

C Tb h i a of qrc .-.th in MTRF between 1,lead0 'ours

rnTt-red 1 r-w s (i.> if t> :ewt is

n.'Lc'- it al >)~,the'a ntr .

PC' 5t~~i--i j<:0 lO t- 1 , iS- 4,); 3-tan a 3 af th 01 -,Ax
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T-ible A-2. (Continued)

NB k __ T, number of systems per base for base typeo K.

iM (K) e h ra t ing hours per month pe r i ns tallIa tion f ur base type( K.

NFY(K). T!benuntbor of years over which the installations will b)e
delivered for Osc type K.

14SCI (1, K). * The initial number of bases activated at etart of thet l if e
cycle for base type K.

NSCH(J,K).* The number of bases activated on a yearly b~asis; for bas-e
tyoe K. These inputs must be entered in f ive consecutive,-year inte-rvals

(ie. = 2 through 6, J = 7 through 11, etc.). For each! line of data,
all five entries are req~uired; e.g., if the schedule is 10 afte-r year 1,
5 a fter year 2, then the eriy would be 1), 5, 0, 0, 0.

CFCNl-B3(1,K) . The c ,ntractcr's fixed corrLctive Mainte nanice man-hlours
for orqanizatienal level maintenance per month per base type K. This
fix~d input is consiuered a minimum regardless of the demands of the
system. Tftis value is compared with a calculated demand-driven cor-
rective maintenance in the model, and the larger value is chosen. if
a fixed manpower loadino is unknown or not desired, the parameter can
be set to zero). This parax:ceter is entered for each type of base.

CFCCP 2, ~ .ThA. contractor's fixed corrective mainteniance man-hours
f7or ntre t C&maintenance e otenrcety K. Tis

;:aar~t~ cas cn cm onstrains as.- YH 1,F

A F (-.I ijP, K~ T!- Air Force f ix V( cor ct ivc ma j-rt-n an c< man-inourE fur
or,,anizat _Lenal leve I mainueonance per me,,t) po~r io~tyin K. Th-is iarain-
-ter to,. sare constralits as CFC.MHB (1,K)

A , ir 'orc S ixted' :crr--tiv, e P OP2ACiIe

in Li-t ni: V ar month Te r ha t .": K :aIra:n.-
-tt-r na t:t __,n trair ts as C:FCx-B(i,K)

fixed n nt ~rAoc a-

fa v ~ ~e . minennc pr ontl 1p_- basa: tV.:( K.
ir --; -- siired a rrin imurn va'u U, r rd cn< dema nds

of tl~ 7 '.J- valu is compared with a c-alculat, J dem-and-riven
r iv, ' ianu-u n thee r c el, and the, Icr e >r va re is ce'--osen. If

a fixeda -~ 1nadang I_, unknown or not desired, this parameter can
be set-c to Tni p 1 arameter is entere. or each type of base.

ra~or ~ xcr cc' a~vemaj tnL-ne p v'-.mrs

r~~~~mn cYunan- ermnf rI ti ,-

nci: :Xe<'-,c i ncnc for

A- _V- jn~m - <a V..



3. 2 E,jicnsmt~r Data Fi le

The ejiuipment data file cuntdins data that arte dtep.,i-it_ ! tiO,! i-L-
assembly or modul-. It irciudles co:t., reli~bilitv, cmlli C',:" roicf~

'Fable A- 3 is a list of the re-quired contenits of the ui(er data
fi le. PFrno' u-m line number>; 2690 , 2 700, and '2730j are stjiteint 1,ne numbe rE
in thiu comi: utt--r propjam thait read the equipment fi le. EachIr of the-se lati

elemonts is defined as foLlows:

NLRU. The numbei >f subassemblies in the equip merit. Eahscbatsscm-
bly is counted separately, even if two are idenrtical.

NMOD (J) . The number of module types in the jt subafec:-bdli-ec. o
or more identical modules in a subassembly are counted ,,; _oomccr i

type. If there are no mod iles in the subassembiy, -set :~

to 1 and complete the reurdmodule data, t~ rt.oin i tc:, c>,

*CL (J) . The acquisition cost of a spare j i t"j basci

*maintenane) . This is the average -ost of purcb.aing a 7 f
'Uni t. (Note: If thiere are no modules in tile subass(-oblv', --- '.

eq ual to 0.)

_ LW (J) .The- accuisition cost of a spare t1 subasco -miL- [ar-
ranty). (Note: 7-f CL(J) is zero, then CL1'.(J) Isset- to zero for

theic) moule" case.)

*TS J) . rv'et s!are,. tpercentage for j't, cib h'~ 115

data element apolio s only when an NITEF -suarantee clau. i in h
contract TSP 1 J) X nuomber of units installed is &-ual c ,- maximum
contrac-tor ihil t fo.i providing loaner or c-)nsI .nc~ r sr arc m

'ir:Jer tll M~TPE Zira C : rVisin. For no Y'TEE ,uorit r:" 1i

Z 7 i t i on~r t o f i;nstalIled j :, t'cc 1s ii

* N '- idc c t of install-d lt tcc c: LaS§ <:h]'. Wvarant ).

* ' I;c:t~t This data elicent tsi; j- ' ei o mi Il

or ~ ~ ~ j~ r'c. u> bassemblv.

-- l '.F c I:Acc (orqani. majcai.iar 2 Poe \tTP '

asemblIv ho '31,:r:rwhfat;

i -I . l ., :T i -



Table A-3. CONTENTS OF' .JQUIPMENT DATA FILE

Symbol Input Data Elements

Li NLRU

For j thSubassembly

Li NMOD (J), CC (J), CLW (J), TSP (J )for I j

:,I CINSO (J) ,CINSWU sbs'ml

Li NQ (1,J), XBF (1,J) , lO (1,J) ,C (1, J) ih C i
3 subassemb-ly
2nd module In

Ll N1U,,3) ,XBF' (2,J), lOP (2,J) ,C (2,J) th subassembly, etc.

3. InstallJon Scl<.'Iul an-ij :,-ratini Hours

To account tcor t 'act t Ua the ecuii~ment will nt be in.-talie~j
St tO& intic~n, m ojel 3a n ruae an installa-
t 1.o nsind1ie . An -)f installation 9 'yuo 9 wa :i

:Duun desicnatesd A.- i toe IS a ~~t ofbsrt'h- .'I.S

same number of S-! zvemF i'n- t9 ?
!at oT-ratc t:- aa" vc~r,-ic '-zer (,f

'-curr mo nth. T no i t'~"rx to a coirt for

the start of tiii 1if I- account 'B- in
ioc~r or to 20 vear . -- 1stic, mu-'bei

con. -ci i y a s 't s ,- f 1 ai;
Ii lo> r ir To- vo-- t' I~ I 1-i Ii'''- I II I ,ti- -I

th~~~ ta I in,~ n ~ .

1~~a ba- t W nts ,i

ALL- .- -
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From the above example, there are four base types:

Operating Hours
Base Type Systems per Base per Month per System

1 2 240

2 2 720

3 4 240

4 4 720

An installed base is defined as a base that has installed all of its

systems. Thus if a base is scheduled to have four systems but only three
have been installed, it is not considered an installed base. This defi-
ciency can be overcome by averaging and will become more apparent as the
installation schedule is now addressed.

The installation schedule is as follows:

" Base Type 1: No initial installations. Six installed bases (two
each base) for the first five years.

* Base Type 2: No initial installations. Six installed bases (two
each base) for five consecutive years starting in year four.

• Base Type 3: No initial installations. Two installed bases (four
each base) per year for ten years.

" Base Type 4: No initial installations. Four installed bases (four
each base) every other year starting with the first year.

With this information, an installation schedule for the model can be
developed, as shown in Table A-4.

Table A-4. INSTALLATION SCHEDULE

Systems Operating Hours Installed Bases After Year
Base Type petBase per Month

per System 0 1 2 3 4 5 6 7 8 9 10

1 2 240 0 6 6 6 6 6

2 2 720 0 0 0 0 6 6 6 6 6 0 0

3 4 720 0 2 2 2 2 2 2 2 2 2 2

4 4 720 0 4 0 4 0 4 0 4 0 4 0

The information for "Installed Bases After Yuar" deserves further ex-

planation. The "0" column indicates that initially no systems are installed.
The "6" under Year i indicates that during the first year 6 type-i bases

A-24
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Table A-3. CONTENTS OF EQUIPMENT DATA FILE

Symbol Input Data Elements

Li NLRU

For jth Subassembly

Li NMOD (J), CC (J), CLW (J), TSP (J) for jth

Li CINSO (J), CINSW (J) subassembly

LlsF module in
L1 NQ (1,J), XBF (1,J), IDF (1,J), C (1,J) 1j subassembly

)2nd module in
L1 NQ (2,J), XBF (2,J), IDF (2,J), C (2,J) jjth subassembly, etc.

3.3 Installation Schedule and Operating Hours

To account for the fact that all the equipment will not be installed
at the initiation of a life cycle, the model has incorporated an installa-
tion schedule. An integral part of the installation schedule is what has
been designated as a base type. A base type is a set of bases that has the
same number of systems installed and that operates the same average number of
hours per month. The model is structured to account for installations before
the start of the life cycle and then to account for scheduled installations
for up to 20 years. The scheduled installations must be inputted in groups
of five consecutive years at specified intervals, which will be addressed
later in this subsection. To visualize the installation schedule, consider
the following example:

100 bases with 280 systems installed and operated as follows:

60 bases have two systems per base; of these

30 bases operate their equipment 8 hours per day and

30 bases operate their equipment 24 hours per day

40 bases have four systems per base; of these

20 bases operate their equipment 8 hours per day and

20 bases operate their equipment 24 hours per day
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installed their equipment; i.e., 12 systems were installed, (2 each at
6 different bases) with the equipment operating 240 hours per month at each

base. Similarly, the "4" under Year 1 indicates that during the first year,
4 type-4 bases installed their equipment; i.e., 16 systems were installed
(4 each at 4 different bases) with the equipment operating /20 hours per
month at each base.

The method for entering the schedule into the model is presented in
Figure A-3. Additional explanatory comments are provided following this
figure.

It should be noted that the value for NBY(2) for Base Type 2 is equal
to 8 even though the example originally stated that the installation period
was for 5 consecutive years. The reason for this is because the computer
model is expecting to see sets of 5 years of input starting at Year 1. The
computer interprets the first 3 years for Base Type 2 as input years, which
happens to be zero. Therefore, the value that is entered for NBY is the
last year in which there are sites activated.

Secondly, the computer expects to see data in each five-year group.
Referring to Base Type 2 again, notice that two groups of five were entered.
The first group was Years 1 through 5 and the second group was Years 6
through 10. Years 9 and 10 were entered as zero (0). The computer expects
to see data in Years 9 and 10.

The data entered into the general data file would have the following
form for this example:

Line

Number Data

280 2, 240., 5, 0

290 6, 6, 6, 6, 6

300 2, 720., 8, 0

310 0, 0, 0, 6, 6

320 6, 6, 6, 0, 0

330 4, 240., 10, 0

340 2, 2, 2, 2, 2

350 2, 2, 2, 2, 2

360 4, 720., 9, 0

370 4, 0, 4, 0, 4

380 0, 4, 0, 4, 0
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Base Type 1

NB(1 34(1 NBY~l) I4SC(l,1)

2 240. 5 0

NSCH(2.1) I4SCH(3,1) NScH(4,1) NSCN(5,1) MMcU(6, 1)

6 6 6 66

Base Type 2

MB(2) 34(2) NBY(2) NSC(1.2)

2 720 8 0

0 0 0 6 6

INSCH(7,2) NSCH(8,2) NSCH(9,2) NSCH(10#) NscH(11,2)

6 6 6 0 0

Base Type 3

113(3) 34(3) NBY(3) 11801(1,3)

4 240 10 0

11801(2,3) NSCH(3,3) 11801(4,3) 11801(5,3) 11801(6,3)

iL2 2 2 2 2

4 1180(7,3) 11801(8,3) 11901(9,3) 11C1(10,3) 11801(11,3)

2 2 2 2 2

Base Type 4

113(4) H4(4) 113Y(4) 11801(1,4)

4 720. 9 0

11801(2,4) NSCH(3,4) 11801(4,4) 11801(5,4) NSCH(6,4)

4 0 4 0 4

11SCH(7,4) NSCH(S,4) NSCH(9,4) 11801(10,4) NSCH(11,4)

0 4 0 4 0

Figure A-3. INPUT DATA AND VARIABLES FOR INSTALLATION SCHEDULE

A-26



4. OPERATING INSTRUCTIONS

4.1 Initial Operation

Operation of the computer program requires that the data developed in
the format specified in Section 3 be entered into the time-sharing as files.
The files should be labeled as follows:

• Equipment Data (EDATA)

" General Data (GDATA)

The model has been labeled WGLCC. Using the CDC time-sharing system, the
following procedure will initiate execution of the computer model:

" FTNTS, OLD, WGLCC R*

" GET, TAPE1 = GDATA R

" GET, TAPE2 = EDATA R

" RUN R

Following each command, the user must wait until the system tell. him
"READY". The above sequence of commands will employ the source code version
of the program (stored in file WGLCC) with the two data sets (GDATA and
EDATA), compile the source program, and execute. As the computer commences
execution, the terminal will respond with the following:

ORGANIC VS WARRANTY LCC ANALYSIS FILES

CALLED? 0 for No, 1 for Yes

The program is ready to run.

If the program is stored in object code, an alternative method would
be to run in the batch mode using the CDC system. The batch mode offers
lower cost and should be considered if a large number of analyses are

required.

Figure A-4 presents the sequence that is required to utilize the batch
features.

A procedural file labeled PWGLCC has been constructed that performs
the sequence listed in Figure A-4. To run the program with the data files
GDATA and EDATA, simply type in - PWGLCC.

4.2 Interactive Features

After the initi.1l sign-on (described in Subsection 4.1), a series of
interactive features are accountable to control the model operation. These
features are exercised by the input teiminal through operator command.

*Symbol R denotes striking the carriage return key after making entry shown.
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I. Type In: Batch R

2. The computer will respond with a: /

3. This is a prompt for the user. Type in: GET, BWGLCC R

4. The computer will respond with another /. Type in: GET,
TAPEl=GDATA R

5. The computer will respond with another /. Type in: GET,
TAPE 2=EDATA R

6. The computer will respond with another /. Type BWGLCC R

7. The computer will respond with another /. Type in BWGLCC R

Figure A-4. SEQUENCE TO EXECUTE THE COMPUTER
PROGRAM IN BATCH MODE

Each terminal input request includes a printout that summarizes the
information required, followed by a line feed, and then a question mark.
The required data input is then typed in, followed by a carriage return.
For data entries involving more than one value, commas or blanks can be
used as separators. If an incorrect value is entered, the break key should
be pressed to erase the data submitted. The correct data can then be entered
as required.

4.2.1 Program Start

After an initial heading is printed, the computer asks if the two data
files have been called. A 0 (zero) is typed in for no, and a 1 (one) is
typed in for yes. For the no case, the computer then asks for the File 1
name. This name must be typed in the first seven positions following the
question mark, followed by a carriage return. The File 2 name is then re-
quested and is also typed in the first seven positions following the ques-
tion mark.

4.2.2 Print Input Files

The terminal will request whether you want to print the General Data
File and/or the Equipment File. The prompts will be:

DO YOU WANT GENERAL DATA FILE PRINTED,

1-YES, 0-NO

DO YOU WANT EQUIPMENT DATA FILE PRINTED, 1-YES, 0-NO

For those files you want printed, type in a 1. For those files you do not
want printed, type in a 0.
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4.2.3 IPT Input

The following IPT input is used to define the degree to which cost data
for calculated spares are outputted:

IPT = -I: No details on spares costs are printed except total values.

IPT = 0: Subassembly data and summary module data are printed.

IPT = 1: Subassembly and detailed module data are printed.

4.2.4 Warranty Period Data

Warranty period data include the warranty coverage periods that are
to be considered. The request is

Warranty Periods - TW, DEL, NP

where

TW = initial warranty period (years)

DEL = increment to initial warranty period

NP = number of warranty periods

Therefore, if warranty periods of 2, 4, 6, 8, and 10 years are to be
considered, the input would be 2, 2, 5. If NP is greater than 1, only
summary LCC information is outputted. If NP is equal to 0 or 1, the only
warranty period to be analyzed will be for TW years, and a detailed LCC
output will be printed (including warranty spares data if IPT is 0 or 1).
For example, if detailed data for a five-year warranty are required, the
terminal input is 5, 0, 0.

4.2.5 Warranty Module Spares Printout

A request is made for printing the warranty spares for each module in
each subassembly. To print this information, input a "l". If this infor-
mation is not desired, input a "0".

4.2.6 Flag for Too High NRTS

If a NRTS rate is chosen so that the NRTS and the Retest OK rates are
greater than one, the model flags this fact, sets the NRTS rate so that the
new NRTS and the Retest OK are equal to one, and prints out a warning mes-
sage to the user such as:

NRTS IS TOO HIGH FOR MODULES, WARRANTV

This message stAtes that the value entered for PNRTSMW was such that
when added tc. RTOKM, it resulted in a value greater than 1.
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4.2.7 Data Changes

After an LCC run is performed, the following request is made:

INPUT CODE

This code is symbolized by KFLAG in the program and has the following
definitions:

Value of KFLAG Definition

-1 Branch to beginning of LCC analysis and
skip input file read statements.

0 Branch to request for warranty coverage
period data.

1 Input data file names and then branch to
beginning of LCC analysis.

>1 but <99 Branch to a data change routine; following
input of data changes, a request for another
code value is made so that multiple changes
are possible.

>99 Stops execution.

A value of KFLAG = -1 is therefore used when a data change will affect LCC
organic maintenance. A value of KFLAG = 0 is used when a different warranty
coverage period is to be analyzed or a prior data change will not affect
LCC organic maintenance. Table A-5 summarizes the codes for data changes.
If a parameter is underlined, it indicates that if the parameter value has
been changed, a branch to the beginning of the LCC analysis is required.

An example of a change that will always require a branch to the begin-
ning is Code 2, in which either the MTBFs or Retest OK rates, or both, are
to be changed. An example of a code that may require a branch back to the
beginning is Code 26, in which values of PCTGW, PCTGO and PLIM are inputted.
If only the PCTGW value is changed, the branch can be made to the beginning
of the warranty analysis, assuming that no other changes affecting organic
maintenance costs have been made.

When a change code is requested, the model will print the jlarameter
names requested for change. It will then print the current value of the
parameters below the printed names. The analyst can then change any one
or all of the parameters, but the analyst must always enter a value for
each parameter shown even if it is the same value.

This feature provides the analyst with a great capability. However,
caution must be exercised when employing this capability, since many of
these parameters are conditional inputs. In particular, the parameter
NWC that states which warranty concept is being employed influences several
input parameters. The parameters that are influenced by NWC can be divided

A- I
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Table A-5. SUMMARY OF DATA CHANGE CODES

Code, K Data Change

2 NfrBF Factor and Retest OK Rates: VFAC*, RTOKS, RTOKM

3 Not-Repairable-This Station Rates: PNRTSSO, PNRTSSW,

PNRTSMO, PNTM

4 Probabilities of Demand at Organizational Level: PSO, PSW

5 Probabilities of Mait~tenance Repair at Organizational Level:

TDRCSO TDRCSW TDRCMO TDRCM

6 Base-Cycle-Repair Times and order and Ship Times: TBRCO,

8 Spares Cost Data: BMORT, VMOD, PUDAF

9 Contractor Average Labor Rate for Corrective Maintenance:

CALRCM(l), CALRCM(2), CALRCM(3)

10 Air Force Average Labor Rate for Corrective Maintenance:
PALRCM(l) , %ALRCM(2) , AALRCM(3)

11 L ontractor Corrective Maintenance Man-Hours on Subassemblies:
=IMML ( 1) , CM (2) , CC:MM.L ( 3)

12 Air Force C-orrective M-aintenance M.an-Hours on Subassemblies
under Full *3rqanic: Maintenance: ACMMLOl) , ACMML(2) ,ACMMLO(3)

13 Air Force Corfective Mlaintenance Man-Hours on Subassemblies
under Warrant.: ACMMLIW)(1) , ACMMLW (2)

14 Contractor I-orrective- M-aintenance Man-Hours on Modules: :CMIMM(lI)

CCM~mM)) , CL()

15 Air Force Corrective Maintenance Mlan-Hours on Xodules unier full
orcanic maintenance: ACMMMO( 1), ACMMMO(2), ACMMMO( 3)

16 Air Force Corrective Maintenance Man-hours on ModIUles under
'.arrantv : ACMW ),ACMIU( 2)

1 7 Contractor Averaqe Labor Rate for Preventive Maintenanco-:
CALPPM) , CALRPI-') ,:-ALRPM( 3)

18 Air FwcAvoraqe Labor Rate for Preventive Maintenance:
AALRPIM(l) ,ALC(),ALP(3

1) Preventive M-ainte2nance Rate, Organic: PMRc 11) , PMRO(2) , PMRO(73)

29) Prevent i SiuAintenance Rate, Warrantv. P.M-RW (1) , PMRW) 2) ,PMRW) (,)

21 RIW Privy Variabl-e: RSK, PFET, OWP, DTP, RIWE'P, Y_0THW

22 fnv-rntur. Maniacement Data: MtCNP(I, CTM

23 ove rnrie':t "OTHIER Costs : O')' THW, O'FHWo, YOT'IiK, CT RAMS

24 M'rPF ;ornvData: (OSE T, '!'(

25 %iTPF r,)wf1i lot.,i :i:rOw, Pir;c_, EI

21 '11 1: 1e jilt', I.CC !'.i iod, Dislcount Rat, W iriant'. Typ;e
1PSIJFE, NY, DR, 31

'17 ?':' 'd .1 irLbliisa h wt [A' TGDMI, T :DMIW

'Ros C!')is i'o:'dLv. VVAC.
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into two categories. The first category is a set of parameters tiiat might

be affected, and the program does not compensate for the e fect of NWC.

A list of these parameters is as follows:

PNRTSSW PN RTSMW PSW POSW
POMW TBRCW TBRCSW TDRCMW
AGBW WTBW DATW RIWFP
YCOTHW NPCW OTHW OTHWO
YOTHW CTRANS OWF TGDSW

TGDMW

Some parameters are influenced more than others and some may not be in-
fluenced at all.

The second category of parameters that may be influenced by NWC are

as follows:

CFCMHD CCMML(M) ACMMLW(M) CCMMM(M)
ACMMMW(M) CFPMMD PMRW(M) AGBW

AFPMMB(M,K) AFCMHB(M,K) CFCMHB(M,K) CFPMMB(M,K)

The reason that these parameters may or may not be influenced by the selec-

tion of NWC is the fact that the computer does not use all of these param-
eters all of the time. Depending on the value of NWC, the economic model
will assign the cost to either the Air Force or the contractor. For

instance, the parameter CCMML(M) is the contractor's corrective maintenance
man-hours for action on a subassembly at each level of maintenance (M = 1,
2, 3). If warranty exists only at the depot level, then CCMNL(l) and

CCMML(2) are not utilized in the economic model. However, the analyst who
considers analyzing the remaining two types of warranty could enter the

appropriate data in CCMNL(l) and CCMML(2). Likewise, the analyst can

enter the total data set for the remaining parameters in the second category.

4.2.8 LCC Model .uti.ut

The major output of the model is the calculated life-cycle costs for
the organic maintenance and warranty alternatives. In addition, specific

details are provided in the following subsections, some of which must be
requested by tht user.

4.2.8.1 invut Files

The user is rrompted as to whether he desires to print the general or
equipment inrut data files. If a print option is selected, the file is
print-d with the line numbers assigned to each respective line of data.
Each line of ther data fi tu is orintei as a line of output. Thus the output

nAs the sam- form a- thu file.
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4.2.8.2 Initial Output

After the LCC data and equipment data files are read in, a printout
of initial equipment and subassembly MTBFs, under organic maintenance, is
furnished, together with the cost of subassembly spares. In addition, the
initial organic system MTBF and false pull rate are printed. Later, in the
warranty section, the false pull rate for warranty is printed.

4.2.8.3 Organic MTBF

The average MTBF over the life-cycle period is printed for the organic
maintenance alternative.

4.2.8.4 Organic Spares Data

If a print code value of IPT = 1 is inputted, organic spares require-
ments for both subassemblies and modules are provided. A print code value
of IPT = 0 includes details only for subassemblies and a summary of the
module spares costs. A print code value of IPT = -1 will not include de-
tailed sparing data.

4.2.8.5 Installation Schedule and Operating Hours

The operating hours per month and the installation schedule is printed
for each base type. The first line of output for each base type contains
the base type number, the number of installations per base type, the opera-
ting hours p.er installation per month, the number of bases that have their
complete set of installations at the beginning of the life-cycle years,
and the number of bases that have completed their installation schedule
for five consecutive years. If a base type has installations in the sixth
year or after, those installations are printed in five-year intervals until
the entire schedule is completed. Each line will have five consecutive
years and is printed below the first five consecutive years of installation.

VThis output form is repeated for each base type.

4.2.8.6 Warranty Spares Data

If the print code value is 0 or 1 and the run involves only one war-
ranty period, subassembly spares requirements under warranty are provided,
as well as spares cost factors applicable at transition from warranty to
organic maintenance. For each sparing level, subassembly, repairable
module, and discard-at-failure module, three cost factors are included:

* Recu"rement cost

* Value of excess werranty spazes

Net _ost

The i, :ui. ement :ost factor has different meanings for subassemblies
and module,. For s,bassemblics it is the cost of the RIW spares purchased.
For modIes ,t Ls t"e cost to suppoit the follow-on organic maintenance,

Lp ;Ac-nted.
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The value factor represents the discounted value of any excess slarQ
equipment available at transition time. For example, if requ-red organic
sparing for a subassembly is 200 units and 300 spares are required under
warranty, the value factor represents the value of the 100 extra subassLn-
blies distributed appropriately among complete subassemblies, repairable
modules, and discard-at-failure modules.

The net cost represents the difference between the requirement and
the value of excess warranty spares. The sum of the net costs for subassem-
blies, repairable modules, and discard-at-failure modules represents the
total spares cost for a warranty/organic maintenance support concept.

In addition, the user can select a detailed printout of the warranty
module spares. This output prints the number of module spares for each
module in each subassembly and gives the percentage of initial installation
for this sparing level.

4.2.8.7 Discount Factors

When warranty spares data for a warranty period of TW years are out-
putted, they are followed with the following discount factor data:

. DSCl - The average discount factor over the warranty period

* DSCTW - The discount factor at time of transition

• DSC2 - The average discount factor over the period of organic
maintenance following transition

DSCTOT - The average discount factor over the life cycle

4.2.8.8 Life-Cycle Costs, Summary Print

If more than one warranty period is being considered (a terminal input
value c5 NP>I), only summary life-cycle costs are outputted. The total

life-cycle costs under organic maintenance are first 1:rinted. Then for
each of the candidate warranty periods, the following data are printed:

" RIW LCC - The life-cycle costs under initial warranty followed

by organic maintenance

" Savings/Loss - The organic LCC minus the RIW LCC

" RIW Price - The discounted warranty price

" AVG MTBF - The average MTBF value over the life-cycle period

4.2.8.9 Life-Cycle Cot, Detailed Print

When only a rngle warran-, iperiod is b ino inalyzed, th>< cost factors
:onstituting the total orjanic and warranty life-cycle costs are, trinted.
In addition, the discounted warranty price, the yearly warranty i:rice as
a p, :centage of installud equipment acquisition cost, and avura~e MTBFs over
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(0, TW), (TW, NY), and (0, NY) are also outputted. The individual LCC
cost elements were described in Chapter Six, Section 6.3. The only special

case is one in which the warranty period being analyzed (TW) coincides with

the life-cycle period (NY). In this case, two sets of warranty cost data
are presented. The first set, labeled Warranty/Organic, is for the in-

stance in which the life-cycle period does not represent the equipment's

useful life. Therefore, costs for additional training, data, AGE, spares,
and other elements required at transition are included. Costs for future

DAF module requirements are not included since the remaining useful life
of the equipment is unspecified. For the costs under Full Warranty, it is
assumed that the life-cycle period coincides with the equipment's useful

life, and no transition costs arp calculated.

5. ILLUSTPATIVE COMPUTER RUNS

A sample problem is presented in this section to illustrate the computer

application of the organic versus warranty life-cycle-cost model. We con-

sider the acquisition of a dual system with a high mean time between failures
(MTBF) , and a low quantity of installations. The system consists of four

subassemblies that contain a total of 30 modules. A bonded storeroom con-

cept is used with a module-level warranty. No subassembly will be removed

from the organizational level; therefore, sparing will not exist for sub-
assemblies. This sample problem is the same system analyzed in the case

study presented in Chapter Nine.

5.1 Inputting the Data

5.1.1 Equilpment Data File

The equipment data file contains the detailed description of the sys-

tem. Figure A-5 is a sample run of the equipment data file, called "UIP2",
developed for the system described above. Some significant points related

to the data in this figure are as follows:

Subassembly 1 and its modules are described in lines 200-240,

Subassembly 2 in lines 300-355, Subassembly 3 in linez 400-425,
and Subassembly 4 in lines 500-530.

The cost of each subassembly' is the same for both orgaiic and
warranty. This similarity is attributable to a policy decision
that requires the same amount of testing for warraity as for
organic in order to decrease the contractor's risk as much as

nossible.

The fourth module in Subassembly 1 is discard-at-fLilure. This

module is described '. line 230. The "2" represents the two

moiul-~s "l0~00,9" hours is the initial module MTPF, "0" denotes
iscard-at-fa~ilrs, and the module cost is "500" dollars.

Sub- ,.mol 1 contains one other module tyje that is dui I icated
in he si&,asemblv. Subassembly 3 has three modules of the same
tyte, and iubassembly 4 !as 2 modules of the same type.
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TelIS PAGE IS BEST QUALIT MAC1'ICAKI
X~rY FiC I iL) TO WC

, 1" 4

2 .*00 A.- 15000.,
at 0 15000. , 15000.

15 1, 50O0. 1, 1000.0 1,* 50000.,* I * 2000.

5"5 . 66667. 3500.
240 1, 9S. 3 1 -. 9 It 15 00.

*.:00 10' 20000.t 20000.9 .1
305 20000., 20000.
3 I0 1,125000., 1 2000.
215 1,25000., 1, 1000.
320 1, 8333-3., 1, 3000.
"35 1 1 00.E, , 1 25000.

:s:'. 12500., . 1, 00
330 1,100000., I, 1500.
305 4.100000., 1, 4000.
40) 402000., I 00 0.345 1,o1I0000(i., It 2!!00.

350 1 t ;5000., 1, 2000.355 1 , 125000. 1, 1000.
400 49 40000.9 40000., .1
405 40000.!, 40000.
410:3.t 5'0 0 00., I, 190000.

415 1,40000.. I, 250t.
420 1, 3333:3., 1. 5000.
425 1 .200000. . 0- 2500.
5-00 5 2500Q. 25000.,
505 25001. 25000.

510 2,200000. R I , i000.
515 1, 5000(U., , 2500.5 0 1,* 00:00:0., 1, :3500:.
525 1, :30:"0:'-. 1' 10000.

5-:0 1 10 0 00 0. , 1 3000.
F :EDY •

Figure A-5. SAMPLE RUN OF EQUIPMENT DATA FILE, "QUIP2"

Subassembly 3 and Subassembly 4 each contain a discard-at-failure
module.

5.1.2 General Data File

The general data file is used to describe equipment acquisition,

installation, and support concepts. Figure A-6 is a sample run of the
general data file, called "GDF2", developed for this system. Significant
points related to the data in this figure are as follows:

Repairs it the base will consist mainly of isolating a Faulty c'ard

(a module), r,'placing it with a spare, and sending the faulty card

to tho dep.ot for repair. Under warranty, the depot would be the
contractor's facility. A !;.obassembly would not be removed from

the base.
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" At the intermediate level, there is a 5 percent probability that
a module will Retest OK (line 20, fourth value). Under organic
maintenance there is a 90 percent probability that a module will
have to be sent to the depot for repair (line 10, third value),
leaving a 5 percent probability that it is repaired at the inter-
mediate site. Under module warranty at the depot, a module that
does not Retest OK will always be sent to the depot, PNRTSMW =

.95 (line 10, fourth value).

" BMORT and VMOD are set equal to 1 for linear depreciation of
subassemblies and modules, respectively (line 60).

" Sparing is set to meet a 95 percent spares-sufficiency level,
PSUFF = 0.95 (line 70).

" A 10-year life cycle is used, NY = 10; and a 10 percent discount
rate is used, DR = 0.1 (line 70).

" NWC is set equal to 3 for depot-level warranty only (line 70).

" All estimated averages for minimum fixed maintenance man-hours
per location are set equal to zero.

" The average man-hours per maintenance action are higher for the

Air Force than for the contractor and are higher for full organic
maintenance than for warranty.

" Preventive maintenance is performed by organizational personnel
only and is equal for organic maintenance and warranty.

" The AGE cost is $15,000 per base under organic maintenance and
$5,000 per base under warranty contract. Depot AGE cost is
$100,000 for organic maintenance. The annual base AGE support
cost factor (PAGB) is 7 percent per year, and the annual depot
AGE support cost factor is 10 percent (line 220).

Training, data, and inventory management costs are less under
warranty than under organic maintenance. At the time of transi-
tion, the difference is calculated and discounted as appropriate.

* A risk factor (RSK) of 5 percent per year and a profit factor (PFT)
of 12 percent are used in calculating the warranty price (line 250).

" The contractor incurs a yearly cost of $50,000 YCOTHW, which includes
warranty report preparation and publication requirements. The con-
tractor's fixed warranty cost is $250,000, RIWFI, (line 250).

" Under warranty, it is assumed that the government incurs a yearly
cost of $3u,000 for administration and DCAS inattcr;, YOTHW. At
transition, a cost of $50,000 is incurred to cover exponses asso-
ciated with the conversion from warranty to organic maintonance,
CTR2;S (line 270).

" The equi)m, nt has a guaranteed MTBF value of 3,500 hours, GSET,
that must be achievcd by the End of the fifth ye2ar, TG (line 280)
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Under organic maintenance, the MTBF is expected to increase by 5
percent in the first 50,000 hours of operation, PCTGO. It is
expected to increase 20 percent under the warranty contract, PCTGW.
The upper limit of expected growth is 75 percent for both cases
(line 290).

There are three base types; each base type is described, and its
installation schedule given before proceeding to the next base
type.

Fixed man-hours for both corrective and preventive maintenance are
assumed to be zero.

5.2 Running the Model

Figure A-7 presents the computer runs that use the data file described
in Figures A-5 and A-6. Circled letters in the figure correspond to the
following comments:

Files have been previously called and thus a 1 is entered.

The general and equipment data files were printed. The inputs
were 1 for each file.

O Initial set MTBF and Organic MTBD values of 2500.0 and 2184.1 are
calculated and printed, as well as subassembly MTBF and cost of
spares.

O Installation schedule and operating hours are printed for each base
type.

Since the print code was set to equal 1, detailed organic main-
tenance spares data are printed. First, subassembly spates data
are printed, followed by modules spares requirements. Note that
subassemblies are not spared and that a minus sign precedes the
module number if the module is discarded at failure. A summary of
spares cost is then provided.

A request is then made fnr warranty-coverage-period data. The
data input of 1, 1, 10 represents a request for calculating life-
cycle costs under warranty, starting with a one-year coverage
period and incrementing by one year until 10 warranty periods are
considered.

© Total ten-year discounted life-cycle costs under organic main-
tenance is printed, followed by the life-cycle costs Lnder warranty
for each of the warranty periods, together with savings/loss,
wazranty price, and average MTBF.

O A request is made for the input code, K flag. A value of 0 is
inputted, which causes a program transfer back to the request for
values of TW, DEL, and NP. The data values of 5, 0, 0 are inputted,
which means that detailed LCC data output for a five-year warranty
is desired.

A-39



Q Full details on spares, discounting factors, warranty price, and
LCC cost elements are then provided for a warranty period of five
years.

Again, a request for a new input code is made. A value of 2 is
inputted; this corresponds to a data change for MTBF and/or
Retest OK rates. The request for the MTBF factor, VFAC, and the
Retest OK rates (RTOKS and RTOKM), is then made, and values of
0.5, 0.0, and 0.05 are inputted. This means that each MTBF is
to be multiplied by 0.5 and the Retest OK rates remain the same.

® A new input code is then requested. Since changing the MTBF
affects organic maintenance, a response of -1 is made so that
transfer is returned to the beginning of the analysis of LCC
organic maintenance.

A request for warranty coverage period is made, and a response
for 10 periods ranging from one year to ten years in increments
of one year is given. The LCC output is then provided.

®Steps J, K, and L are repeated for an MTBF factor of VFAC = 1.5,
which is equivalent to decreasing the initial MTBF by 25 percent.

® A response of 99 is made for the input code request, terminating
the run.

6. MODEL DETAILS

This section presents the major algorithms utilized by the main program
to perform the life-cycle-cost for full organic and warranty followed by
organic maintenance.

6.1 Definitions and Equations

Table A-6 is a list of the majcr equations in the model. For each
equation, the computer line number in which the equation is first used in
the program is indicated by parentheses. The term "warranty/organic" is
used to denote the case in which an initial warranty is to b, followed by
a transition to organic maintenance. The term "full warranty" is used to
denote the case in which the warranty applies to the total life cycle of
the equipment without any transition to organic maintenance. Table A-7
presents brief symbol definitions employed by the main program. These
definitions are intended for quick "look up" capability only. Detailed
definitions of the input parameters are presented in Table A-2.

t.2 Program Diagram and Listing

A functional flow of the program is presented in Figure A-8. Figure
A-9 is a detailed li.sting of the code.
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Table A-6. MODEL EQUATIONS

Equation Program Line Number

Subassembly MTBF

YTF(J) = 1/Z NQ(T,J)/XBF(I,J) (2760, 2800)
I

System MTBF

SMTBF = I/ENQ(I,J)/XBF(I,J) (2750, 2990)

IJ

Subassembly Mean Time Between Demand (MTBD),
Warranty

YTD(J) = (1 - FPRW) x YTF(J) (6736)

System MTBD, Organic

SMTBDO = (1 - FPRO) x SMTBF (3000)

System MTBD, Warranty

SMTBDW = (1 - FPRW) x SMTBF (6224)

System Cost, Organic Maintenance

SETQO = ECINSO(J) (2780)

System Cost, Warranty

SETQW = ECINSW(J) (2790)
J

Total Operating Hours

TOH = 12 x NY x Z [H(K) x NIB(K)] (1610, 1730)

K

Number of Installed Units

NI Z [NIB(K)] (1680)
K

CumulativeL jnber of Installations

NCIY(T) = NB(K) :- NSCH(r,K) 11790, 1830)

K

(continued)
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Table A-6. (continued)

Equation Program Line Number

Average operating Hours Per Day

HAVG(I) Z ( NIB(K) x H(K) x( NB(K)/NCIY(K) (1650, 1910)
K

Discount Factors

YY1 = (1 + DR- 0 -5  (3350)

YY2 = (1 + DR)-' (3370)

Average over (0, NY),

DSCTuT = Y, (3520)
NY l-Y 2

Average over (O,TW),

DSC1 = Yx1Y2 Tw(5980)
Tw 1-Y 2

At TW,

DSCTW = (1 + DR)-T (5950)

Average over (TW, NY)

Y YTW YNY

DSC2= 1 x-2 2 (5970)
NY-TW I -

At TG,

DSCT G = (1 + DR)-T (5890)

Calculate False Oull Rates

FPRO PS0 X< (I. - POSO) x (RTOKS + PNRTSSOD (1084)

TC;DS O) +- [(I. - TPSO) x (I. - ?P0Mo

4- n x5 (I. - POSO) x~ (1. - RTOKS

-PNRTSSO)] x (RTOK1A + PNRTSMO\'TGDMO)

(continued)
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Table A-6. (continued)

Equation Program Line Number

Warranty

FPiZW =PSW x (1. - POSW) x (RTOKS + PNRTSSW (6046)
*< TGDSW) + [(I. - PSW) x (1. - P0MW)
* PSWY (1. - POSW) x (1. - R'rOKS
- PNRTSSW)] x (RTOKM + PNRTSMW
xTGDMW)

Organic Corrective Maintenance Frequency Factor

CM.DL(l) = PSO (3580)

CMDL(2) = (1. - POSO) x< PSO

CMDL(3) = PNRTSSO xCMDL(2)

CMDM(l) = 1,0 PSO

PRTSSO = 1.0 -PNRTSSO - RTOKS

CLMDM(2) = CMDM(1) x (1.0 - P0MO) + PS0

x(1 - POSO) x PRTSSO

cmDmM = CMDM(2) x PNRTSMO

Warranty Corrective Maintenance Frequency Factor

WMDL(I) = PSW (6010)

WMIDL(2) = (1. - POSW) x PS

WMDL(3) =PNkXTSSW xWMDL(2)

WMDM(1) = 1.0 -PSW

PRTSSW =1.0 -PNRTSSW - RTOKS

WMDM(2) = WMDM(1) x (1.0 - P0MW) + PSW

x(1 - POSW) x PRTSSW

WMDM(3) = 4JMDM(2) x PNRTSMW

Modification Factors for MTBF and False Pull
Rates as Shown At Base

BIDSO = (1. - FPRO)/[PSO / (1. - POSO)l (3670)

BIDSW = (1. - FPRW)/[PSW Y (I. - POSW)1 (6080)

B8D0MO (I. - '!'PR)/[(I - POSO) 0.( - POMG) (3680)
+ PSO x (1. -POSO) Y (1. - RTGKS
-PNRTSSO) I

(continued)
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Table A-6. (continued)

Equation Program Line Number

Modification Factors for MTBF and False Pull
Rates as Shown At Base (continued)

BIDMW = (1. - FPRW)/[(l - POSW) x (1 - POMW) (6090)

+ PSW x (1. - POSW) x (1. - RTOKS

- PNRTSSW)]

Initialization for Growth Curves

BW = ALOG (1. + PCTGW)/ALOG (TF/TI) (6234)

BO = ALOG (1. + PCTGO)/ALOG (TF/TI) (4000)

WL = TI x (1. + PLIM) x (I/BW) (6252)

TOL = TI (1. + PLIM) x (1/BO) (4160)

Compute Growth Factors For Each Year of

Interest for organic

GFO(I) = SF (TI, T2, TI, TOL, BO) (4250)

Calculate MTBFs for Sparing, Organic

Module

PMTB = BIDMO x BF(I,J) x GFO (NGFO)/NQ(I,J) (4600)

Subassembly

PMTB = BIDSO Y YTF(J) x GFO (NGFO)/NQ(I,J) (4830)

Total Discard-at-failure Modules, Organic

NSMDAF(I,J) = TOH x NQ(I,J)/(XBF(I,J) (4740)
x BIDMO x GFO(NOD)

General Spares Equation (Subroutine ISPARE)

Choose smallest integer S such that

Q

exk/k !IPSUFF

k=O

w',ere X is the spares demand rate per

av,,rago pipeline time.

If X " 1.5, S = X.

(continued)
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Table A-6. (continued)

Equation Program Line Number

Computer Growth Factors for Warranty and

Period After Warranty

GFW(I) = SF(Tl, T2, TI, TWL, BW) (5890)

GFWO(I) SFWO(Tl, T2, TI, TWH, TWL, PLIM, (6100)

BO, BW)

Calculate MTBFs for Sparing, Warranty

Module

PMTB = BIDMW x XBF(I,J) x GFW(NGFW)/NQ(I,J) (6950)

Subassembly

PMTB = BIDSW x YTF(J) x GFW(NGFW) (7210)

Total Discard-At-Failure Modules, Warranty

NWDAF(I,J) = TWH x NQ(I,J)/[XBF(I,J) BIDMW (7110)

x GFW(NWD)]

Calculate MTBFs for Sparing, After Transition

Module

PMTB = BIDMO x BF(I,J) x GDWD(!WOD)/NQ(I,J) (7490)

Subassembly

PMTB = BIDS x YTF(J) x GDWD(NWOD) (7660)

Total Discard-At-Failure Modules, After

Transition

NSMA = [NY - T7,W)/NY] x TOH x NQ(I,J) (7980)

/[GIWO(NWOD) x XBF(I,J) > BIDMO]

Set Acquisition Costs

Crganic Maintenance Initially

ACO - r'r j iT;SO(J) (9170)

Warranty Initially

ACW = NI C 'INSW(J) (9180)

(continued)
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Table A-6. (continued)

Equation Program Line Number

Spares Cost

Organic Maintenance - Subassemblies

CSLRU = ) [NSLB(J) x CL(J)] - VXLR (5060, 5620)

Organic Maintenance - Repairable Modules

CREPM = E I NRM(IJ) x C(IJ)] - VEM - VUM (5500)

I,J

Organic Maintenance - DAF Modules

CCDAF = E [NSMDAF(IJ) - NUDAF x PUDAF] (5530)

I,J

x C(I,J) X DSCTOT

RIW - Subassemblies

Cost of Required Subassemblies

CSLW = NAS(J) x CLW(J) (7330)
J

Value of Excess Complete Subassemblies

VXLR = 1[qSLX{J) - MAX(J)] x CLW(J) x AMORT (8430)

where

NSLX(J) = NSLW(J) - NSLBT(J)

[For NSLX(J)<0, jth - subassembly value =0]

Subassembly Net Cost (CSLWN)

CSLWN = CSLW - VXLP (8910)

(continued)
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Table A-6. (continued)

Equation Program Line Number

Warranty - Repairable Modules

During Warranty Period

CMODW - Z NSMW(I,J) x C(I,J) (7070)

I,J

Additional Mcdule Neede(d After Transition

CSMW = Z[NMW(I,J) - NSMW(I,Ji x C(IJ) (7950)
I'j °

L CTW

Rt"ju{ r=j -t: sre S Cost

V. . CSMW (8800)

...x ,-i. F8 airaJe Modules

E.I - N ,J) - VMOD C(I,J) (8530, 8600)

R,-.airable Modules

, ,I(I,J) C(I,J) x DSCTW, (8610)
NEM(I ,j) ,0

0840? M.X(J) I NQ(I,J) x C(I,J) k8640)

DSCTW, NEM I,J) < I
= K:,) UJ(~2j(60

N.- :,ot - P<, aira>Ie Modales

TNDF -8:2CD - CDEC (8920)

;jF7

Sof R, ufred bAt' Modules During Warranty

(,-ontinuod)
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Table A-6. (continued)

Equation Program Line Number

Spares Cost (continued)

After Transition

CDAF= [NSMA(IJ) x C(I,J) x DSC2 (8010)
I,J

Value of DAF Modules

DDAF = [ [NUDAF(I,J) x C(IJ) x PUDAF (8720)

I,J
x DSC2

Net Cost of DAF Modules

CDAF2 = CDAF + CWDAF - DDAF (8940)

Total Cost of Required Spares CTOTR

CTOTR = CSLW + CRMOD + CDAFT (8830)

Total Value of RIW Spares at Transition (TVRS)

TVRS = VXLR + CDEC + DDAF (8880)

Total Net Cost of RIW Spares

TOT2 = TCRS - TVRS (8960)

AGE

Organic Maintenance

AGO = AGBO x NBS + AGDO - (I - NRT) x AGBW (9210)
NBS

Warrant-2/Organic

AGWO = AGBW Y NPASE (NTWPl1) X NRT + [XGBO (9220)
NBS - AGBW " NRASE(NTWPI) + AGDO

X DSCTW4

Full Warrtntv

AGW -- AG2. I NBS NRT (9230)

(continued)
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Table A-6. (continued)

Equation Program Line Number

AGE Support

organic

AGSPO =(AGBO x NBS x PAGB + AGDO x PAGD) (9250)
x NY x DSCTOT

Warranty

AGSPW =AGBW X NBASE(NTWPl) x TW x PAGB (9260)
* DSCl + (AGBO x( NBS x PAGB x AGDO

*PAGD) - (NY - TNW) >' DSC2

Training

Organic

TED {'[WTBO - WTBW x (i - NET)] Ix NBS (9290)
+ WTDO}, x TCPW + (WTBO x NBS + WTDO)
x TCPW x( NY x< DSCTOT x ETP

N,.arranty/Organic

2ENO = (WTBW x NBASE(NTWP1) + [WTBO - NBS (9310, 9330)
- WTBW x NBASE(NTWPI)] x< DSCTWI

<TCPWq +- 'TDO x DSCTW x TCPW + [WTBW

<TN NBASE(NTWPI) x SCI + WTBO
"(NY - TW) x< NBS x DSC2 + WTDO

" (NY - TW) x DSC21 x RTP x TCPW

Full Warranty

TRW WTBW x NBS x TCPW x (NET + RTP x NY ('9350)
x< D.3CTOT)

Data

crganic

DATO D TAD ( NET) ' DTAW (03-M)

Warrarnt,,*Cir-,a.,iC

DA:IW,(- rOTAW NiPT 4- )TAC - DTAt ) DqS-Tw '.T)

Zonl t i nilo)
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Table A-6. (continued)

Equation Program Line Number

Data (continued)

Full Warranty

DATW = DTAW x NRT (9390)

Inventory Management

Organic

CIMO = NPCO x CIM x NY x DSCTOT (9500)

Warranty

CIMW = NPCW x CiM x TW x DSCI + NPCO (9510)

x CIM x (NY - Tq) x DSC2

Corrective Maintenance Cost (See Subsection
2.3.1 of this appendix for discussion of correc-
tive maintenance algorithm.

Organic

n 2 B

TACMCO E 2 AALRCM(I) x DXOC(I,J,K) (0840)
K=1 I=l J=l

+ y(K) x AALRCM (3)]

Warranty,

n 2 B

TACMC 212 E 5 ArALRCM(I) DXW(IJK](000
K=I i=i J=l

Organ. c After ;.arrant'/

n 2 B

TAC'MZWO 2AALVM (10350)
K= J1l

< DXW(, ,K) + Y .- IPikt)

(cont inued)
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4Table A-6. (continued)

Equation Progjram Line tlumht'r

Preventive Maintenance Cost See Subsection
2.3.3 of this appendix for a description of the
preventive mainte-nance algorithm)

Organic

nA 2B

TAPMCO L2 E) E [ALRPM(I) (10590)

Z(ILK)] + ALRpI:(3) x Z(K)

War rar.,

n 2 B

TAP !CW -12 Zv1 s AALRPM (J) ~Z (1,L,K) 107 90)

ranzAfter Warra-,ty

n 2 B

12) Z ALRPMWI (1100)

Z(ILK)j + AALRPM(3) Z(K)

C'on si cinrent slar,,s CMTBF SuaranLee)

' rowth Factor at TG

- T)W (11L AC, 118)

f 4T LM GO 1+PI

:WIT - JSui~~~~~~ 3r~m 1 arce7aLu

k- l III i)
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Table A-6. (Contin~ued)

Equation Proqram Line Number

Consignment Spares (MTBF Guarantee)
(continued)

Value of Consigrnent. Spares (Negative Cost)

cSGW = S'(J) CLW(J) xTSP(J) xNI xDSCTG (11930)

wairanty Price

RIW = R~e x (RIWT + RIWY + RIWTP) (11630)

RIWY = YCOT1-iN x IIx PSCZ (11610)

Mainte:,ance, Data, anu Acministrativ, Cost

RIWT = (RTWCM: % + ;DJWqPM) X (1 + DTp) (11590)

Co-rectvea Maintenance Cost

RIWCM4 = 12 L J CALRPM (I) X(1,L,K) (1134 )

+ CALRPM(3) x '(,, 1

FJWPM ~ ~ L- =1 .[CAL.RPM(I / Z(I,L,K) (1&

K=IlL=l

~CALRPFY(3) , ', 1L, K]

Note: If RSX =0, RIW =RIWFP (iY',1C'

Othe r costs

Orsr: r

X'2T*. 5 - '1 ('TI(1+

+ 'F '(\ "I'K
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Table A-6. (continued)

Equation Program Line Number

Other Costs (continued)

Full Warranty

XOTHW = YOTHW Y NY X DSCTOT + OThW + RIW (11980)

x OWF

Total Costs

Organic

TOTO = ACO 4 AGO + AGSPO + TRO + DATO (11990)

+ TACMCO + TAPMCO + CSORG + CIMO

+ XOTHO

Warranty/Organic

TOTWO = ACW + AG9O + AGSPW + TRWO + DATWO (12040)

+ TACM + TAPM + TOT2 + RIW + CIMW

+ CSGW + XOTHWO

Full Warranty

TOTW = ACW + AGW + AGSPW + TRW + DATW + TACM (12U10)

+ TADM + CCW + RIW 4- -MW + CSGW

+ XTHW

Warranty Savings/Lnss

WSL = TOTO - TOTWO (12100)
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Table A-7. DEFINITION OF COMPUTER PROGRAM AND EQUATION SYMBOLS*

Symbol Definition

AALRCM(M)* Air Force labor rate for corrective maintenance at

level M

AALRPM(M)* Air Force labor rate for preventive maintenance at

level M

ACMMLO(M)* Air Force corrective maintenance man-hours on a subassem-
bly at maintenance level M for organic support

ACMMLW(M)* Air Force corrective maintenance man-hours on a subassem-
bly at maintenance level M for warranty maintenance

ACMO(M)* Air Force corrective maintenance man-hours on a module at
maintenance level M for organic maintenance

ACMMMW(M)* Air Force corrective maintenance man-hours on a module at
maintenance level M for warranty maintenance

ACO Acquisition cost, organic maintenance

AC", Acquisition cost, warranty

AFCMLHB(M,K)* Minimum Air Force corrective maintenance man-hours for
organizational and intermediate levels for base type K

AFCMHD* Fixed Air Force corrective maintenance man-hours for
depot level

AFPMMD* Fixed Air Force preventive maintenance man-hours for
depot level

AGBO* Cost of base AGE per base, organic maintenance

AGBW* Cost of base AGE per base, warranty

AGDO* Cost of depot AGE, organic maintenance

AGO Total cost of AGE, organic maintenance

AGSPO Cost of AGE support, organic maintenance

AGSPW Cost of AGE support, warranty

AGW Total cost of AGE, warranty

AGWO Total cost of AGE, warranty/organic

AMOFT Calculated amortization factor for valuinc excess complete
subassemblies at transition

BO Exponential in Duane growth curve for Organic

BMORT* AdJi.utr ,-:t factor to linear dereciation

BW i:<jpnential in Duane growth curve for Warranty

*Iniut data ar r, dnoed by an asterisk(*).

(continued)
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Table A-7. (continued)

Symbol Definition
C(I,J)* Cost of ith module in jth subassembly

CCDAF Cost of discard-at-failure module requirement over equip-
ment life, organic maintenance

CCtML(M) Contractor corrective maintenance man-hours for subassem-
blies at tne maintenance lev-,1 M

CDAF2 Net cost of discard-at-failure modules, warranty

CCM.MM(M) Contractor corrective maintenance man-hours for modules
at the maintenance level M

CFCMHD* Minimum man-hours for corrective maintenance at the dep-ot
for the contractor

CFPMMD* Minimrum man-hours for preventivo maintenance at the depot
for the contractor

CIM* Cost per year for invcntory management of a unique item

CIMO Total inventory management cost, organic maintenance

CIMW Total inventory management cost, warranty

CINSO(J)* Accuisition cost of installed jth type subassembly,

organic maintenance

CINSW(J)* Acquisition cost of installed jth type subassembly,
warranty

CL(J)* Acquisition cost for a spare jth subasserbly, organic
maintenance

'll(J)* Acuisition cost for a spare jth subassembly, warranty

Cost of repairable module spares requirement, organic
maintenance

CSGW Value of consignment spares for MTBF guarantee

CSLRU Cost of required spare subassemblies, organic maintenance

CSLC Cost of required spare subassemblies, warranty

CSOPG Total spares costs (repairable and discard-at-failure
items) , organic maintenance

CSW Total s[.ares costs (repairable and discard-at-failure
items) , full warranty

CTPA2IS* Ot-, r cC., for transition from warranty to c'r:anic

ATotal: d~ta cost, organic maintenanct

DATW Total data ::ost, full warranty

(cont i .u6)
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Table A-7. (continued)

Symbol Definition

DATWO Total data cost, warranty/organic

DR* Discount rate

DSCl Average discount rate over (0, TW)

DSC2 Average discount rate over (TW, NY)

DSCTG Discount rate at TG

DSCTOT Average discount rate over (0, NY)

DSCTW Discount rate at TW

DTAO* Data cost, organic maintenance

DTAW* Data cost, warranty

DTP* Data and administration cost factor for warranty pricing

FO Factor for organic raliability growth

FOFW Factor for warranty reliability growth over (TW, NY)

FPRO False-pull rate for organic

FPRW False-pull rate for warranty

FW Factor for warranty reliability growth over (0, TW)

FWO Factor for warranty reliability growth over (0, NY)

GFO(I) Growth factor for organic maintenance in year I

GFW(I) Growth factor for warranty maintenance in year I

GFWO(I) Growth factor for period after transition for year I

GMG Factor for reliability growth applicable at time TG

GMTBF Allocated unit guaranteed MTBF value (jth subassembly)

GOFW Average growth MTBF over (TW, NY), warranty

GORG Average growth MTBF over (0, NY), organic maintenance

GSET* Equipment guaranteed MTBF value

H(K) Average operating hours per day for base type K

HM(K) Average operating hours per month for base type K

I Index -- generally used to represent the ith module

Index -- generally used to represent the jth subassembly

K Index -- generally used to represent base type K

MAX(J) The number of excess subassemblies of the jth type to
be disassembled at transition for obtaining necessary
modules

(continued)
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Table A-7. (continued)

Symbol Definition

NB(K) Number of installations per base at base type K

NBS Total number of bases

NBX Number of types of bases

NBY(K) Number of years over which delivery schedule is spread
for base type K

NCIB(I, K) Cumulative number of installed bases in year I for base
type K

NCIY(I) Cumulative number of installations for year I of all bases

NEM(I,J) Number of excess modules of type (i, j) at transition

NI Total number of installations

NIB(K) Total number of installations for base type K

NIY(I) Number of installations for year I for all bases

NM(IJ) Total number of required spare modules at the bases for the
ith module type in the jth subassembly at transition

?iPi_'* Number of unique P-coded items, organic maintenance

Number of unique P-coded items, warranty

Number of modules for ith module type in jth subassembly

iIF ,J) Total spares requirement for repairable (i,j) module at
transition

NS2H(:,K) Incremental schedule of installed bases by year I for each
base- type K

S LO (,'th
qSL2(J) Total srares requirement for j subassembly, organic

maintenance

'SLEN(J) Required subassembly spares after transition

NSLW(J' Required subassembly spares during warranty

NS:IA Total number of discard-at-failure events following warranty

NSMDAF(I,J) Total discard-at-failure events for ith module, j th sub-
assembly -- organic maintenance

MS'WJ) Required module s[iareb during warranty

;UDF~ (J,J) Number of u'ab]z DAP type (i,j) modules at transition

F aq to s, inate type of warranty concept

".;DAF(I,J) Total ciscard at failure events for ith module, ith sub-
assemIA : -- warranty

Number u)f liFe-cycle years under consideration

(continued)
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Table A-7. (continued)

Symbol Definition

OTHO* "Other" fixed government costs, organic maintenance

OTHW* "Other" fixed government costs, full warranty

OTHWO* "Other" fixed government costs, warranty/organic

OWF* Factor for computing costs for noncovered failures under
warranty

PAGB* Factor for base AGE support

PAGD* Factor for depot AGE support

PCTGO* Percentage of MTBF growth from 1,000 to 50,000 operating
hours for organic maintenance

PCTGW* Percentage of MTBF growth from 1,000 to 10,000 operating
hours for warranty

PFT* Contract profit factor, warranty

PLIM* Upper growth limit of MTBF expressed in percentage of
initial MTBF

PMRO(M)* Preventive maintenance rate at each level of maintenance
for organic

PMRW(M)* Preventive maintenance rate at each level of maintenance
for warranty

PNRTSMO* Probability of Not-Repairable-This-Station for a module
under organic maintenance at the intermediate level

PNRTSMW* Probability of Not-Repairable-This-Station at the inter-
mediate level for a module under warranty maintenance

PNRTSSO* Probability of Not-Repairable-This-Station for a sub-
assembly under organic maiintenance at the intermediate
level

PNRLSSW* Probability of Not-Repairable-This-Station at the inter-
mediate level for a module under warranty maintenance

POMO* Probability of repairing a module at the organizational

level under organic maintenance

POMW* Probability of repairing a module at the organizational

level under warranty maintenance

PUSO* Probability of repairing a subassembly at the organizational
level under organic maintenance

PrOSW* Probability of repairing a subasscmbly at the organizational
level under warranty maintenance

(continued)
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Table A-7. (continued)

Symbol Definition

PSO* Probability that a maintenance action at the organizational
level is for a subassembly under organic maintenance

PSW* Probability that a maintenance action at the organizational
level is for a subassembly under warranty maintenance

PSUFF* Spares-sufficiency probability

PUDAF* Percentage of DAF modules availale at transition that will
be use

RIW Total warranty price

RSK* Contractor risk factor for warrantY [ 1 n

RTOKS* The probability that a subassembly wil,
intermediate level; this applies for i i. i
warranty

RTOKM* The probability that a module will Rutest (K at tr c
intermediate level; this applies for organic and
warrant"

RTP* Factor for calculating recurring training costs

SETQO System cost, organic mainteran:,

SETQW System cost, warrant':

SF Function for com[utin' M'F ;rowt:%Y.
warran-y

SFLC Function for comF-ting .TtF ir wt t ,.n' .

SFWO Function for co:,puting ;!TEF . ;i-',t! foL;, :: .

SMTBDO Initial system :4ITBD, organic

SMTBDW Initial system MTBD, warrant.

SMTBF Initial system MTBF

TBRCO* Base-cycle-repair time under organi- 'aintc._vc

TBRCW* Base-cycle-repai r time under warrant:. maintenance

TCPW* Training cost per man-week

TDRCMO* Depot-repair-cycle time for modiles under a: ma itn.ai : e

'DRCMW' * Depot-repair-cy;cle time for modul,-, un,!ir.r: rai nt,:naie

DRCSO* Depot-re[ .ir-cycle ti', for sub..smh .2 in !r ,r,,n

rDRCSW* Delat-tel1air-c'cle time for suba33rrl mi li, n, r war-nt.'
maintenance

(continued)
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Table A-7. (continued)

Symbol Definition

TG* Years of operation associated with a guaranteed MTBF value

TGDMO* Probability that a module will test "good" at the depot,
organic

TGDMW* Probability that a module will test "good" at the depot,
warranty

TGDSO* Probability that a subassembly will test "good" at the
depot, organic

TGDSW* Probability that a subassembly will test "good" at the
depot, warranty

TOH* Total operating hours over life cycle

TOSM* Order and ship time for a module from base to depot

TOSS* Order and ship time for a subassembly from base to depot

TOT2 Total spares cost (repairable and discard-at-failure items),
warranty/organic

TRO Training costs, organic maintenance

TRW Training costs, full warranty

TRWO Training costs, warranty/organic maintenance

TSP(J)* Target spares percentage factor for jth LRU MTBF guarantee

T2NDF Net cost of spare repairable modules, warranty

TW* Warranty period in years

VEM(I,J) Total value of excess modules of type ij at transition

VU4(I,J) Total value of usable modules of type ij at transition

WP Ratio of warranty reriod to life-cycle period

WPPD Discounted yearly warranty price as percentage of acquisition

cost of installed set

WSL Warranty savings or loss

WTBO* Man-weeks of training for base maintenance, organic

WTBW* Man-weceks of training for base maintenance, warranty

WTDO* Man-weeks of training for depot maintenance, organic

XEF(I,J)* initial MTBF oL ith module in it subassembly

XOTHO Totdl "other" costs, organic maintenance

XOTHW Total "other" costs, full warranty

XOTHWO Total "other" costs, warranty/organic

(continued)
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Table A-7. (continued)

Symbol Definition

XY Number of life-cycle years under consideration (same as NY)

YCOTHW* Yearly other contractor costs, warranty

YOTHO* Yearly "other" government costs, organic maintenance

YOTHW* Yearly "other" government costs, warranty

YTD(J) Mean time between demands for jth subassembly, warranty

thYTF(J) Mean time between failures for j subassembly
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APPENDIX B

MTBF GROWTH MODEL

1. INTRODUCTION

Equipment reliability is one of the significant factors in evaluating
the economic aspe4t of warranty. This appendix describes the approach to
employing a modified form of the Duane Model for computing the mean time
between failures (MTBF) under organic and warranty support.

2. MTBF GROWTH PERIODS

During the useful life of an equipment, there are several periods of

interest. The first is the warranty period, i.e., the time from zero to
the time of transition, TW, in years. The second period is the remainder
of the life cycle following transition from warranty to organic, designated
TW, NY, where NY is the number of years in the life cycle. A third period
of interest is the entire life cycle 0, NY.

For each period of interest an MTBF growth function is required. The
computer model must be flexible enough to accommodate the different forms
of growth and to provide smooth transition from one period of interest to
toe ether.

3 FA.:N FOR DUANE MODEL

meu' TBF growth models exist, including tie AfiNC Rtesear2L, Modtl*,
t oe tie Exponential-Power Series Model**, the Aerof Model**,

anc! t' Llo%'-Li:ow *Model* * All of these models, includinc the Duane Model

ari wL ie i zed in industr:.

*. Batab anr I - terer, Gu 'fe. nes for Applicition a, ; '1ronties to

Air Force _ '3CL-'C: S stens, ARIN(: -esearch Publi cation 153(-',-1-1451
Decaer iP-5 P.DK hort TR-7c-32. (A02'956)

**R. .r, t ii., Rel'abiiitc Growth Studi, uglihes Air :raft Comnan

RA DC Pepnrt ,5-253, October 1975. (A02 92(,)
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Some models are more complicated than others, requiring many more
inputs than thE simpler midels such as the Duane Model. However, the

simpler models usually have no upper limit and grow without bound. A com-

promise between simplicity and unbounded grcwth is to choose a simple model

and impose an upper limit on this model. Afcer surveying the advantages
and disadvantages of several models for this analysi', we decided to modify
the simple Duane Model by imposing an upper limit of growth.

4. DUANE GROWTH MODEL

In 1962 Duane observed that the logarithm of observed cumulative MTBF
was a linear function of time*

Zn 0D(O,T) = a + Zn T

where 3(O,T) is the cumulative MTBF over the observation period, (O,T).
The measure of interest in the life-cycle cost analysis is the average MTBF
over an observed period, (TI,T2 ). This measure can be found from the def-
inition of cumulative MTBF

T2 - T1
( (TI,T2) =T2 T2

f dX

where

C(TI,T2 ) = the cumulative MTBF over the period T1,T 2

e(T) the instantaneous MTBF at time T

T1  = the time at the beginning of the interval of interest

T 2  = the time at the end of the interval of interest

The requirement is to find the instantaneous MTBF and then integrate
it over the interval of interest. This instantaneous MTBF is equal to

e T) = A TP/(l -

which can be rewritten

;(T) = ATI) T, (TI )
-

whre_ -(T i ) is the instantaneous value of MTBF at time T,.

j*. T. Duanro, "Lcarninq Curve Approach to Reliability Monitoring," IEEE

Trans5.tions on Aerospace, 164, Vol. 2, pp. 563-566.
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I
5. MODIFIED DUANE MODEL

Although the Duane model is simple, it has unlimited growth, which is

uncharacteristic of real-life situations. To alleviate tnis problem, an

upper limit was placed on the model as follows:

(T')'i o(Ti) TS T T
y(T) =

L T > TL

where TL is the time at which the upper limit, eL, is attained. Thus --,(T)
can be described by two straight lines as depicted in Figure B-1.

n L )

II

(TI)]

Zn (TI ) Zn (TL)

Zn T

Figure 3-i. MODIFIED INSTANTANEOUS MTBF DUANE MODEL

6. SPECIFICATION OF MODIFIED DUANE MODEL

The instantaneous MTBF function described in Section 5 is gral-hicallv
represented by two intersecting straight lines. To describe each line, ail

that is requiired is a y intercept and a slope. For the horizontal line,
the slope is zero anld the y intercept is r(IL)" For T - TL, tle sloble
is .. Since y intercint is ;n T = 0, (T i hour), a more appropriate

time of T I is used when an initial instantaneous value of MTBF is known,
i.e. , -tT1 ).

In t.. - economic nooel, t ,as assuamen that all units (subassemblies

and moulos) a , -,_ rowtn rats. That ia, all units will have the

same r-a-tor n i f Duane :.Iodel to, a oiven sulcort (warranty or

organi ev:r o [:id of intor-ost. Thus, if a growth function can
he determin,:]s>t,

(T, ,rF ) (TI,T1 T ) (TI)
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then for any given time, the growth function should only be computed once
instead of computing the MTBFs for every subassembly and module.

7. GROWTH FUNCTIONS FOR P'ACH PERIOD OF INTEREST

To utilize the MTBF growth model in the LCC model, the instantaneous
and cumulative MTBFs must be specified over the following periods of
interest:

. Warranty period (O,TW)

. Full organic period (O,NY)

. Organic after transition (TW,NY)

. Full life-cycle-cost period (O,NY) including warranty and organic

after transition

First, the instantaneous MTBF must be specified, and then this form must
be integrated to obtain the cumulative MTBFs. The followinq subsections

present the development of the instantaneous and cumulative MTBFs for each
period of interest.

7.1 Warranty and Full Organic Periods

The cases of warranty or full organic periods are similar. The major
difference is the growth rate 03) itself. At this time, a label convention

of W for warranty and 0 for organic will be adopted. Therefore, the form
of 1 T) for warranty and full organic is as follows

(T 1 V
2

0 -(TI) (TV-O T TOL)

L ~ OL

(T I) w -- (TI) (T) W T *CT,,L)

TT TWL

-where 
LW

O()= the MTBF for organic support over the interval (0,NY)

Lw (T) = the MTIRF fr'; .arranty bupport over thc inte2rval (O,TW)

L = he ipler jimnt of MTBF for both % arrarlty ind organic support

11, - t, e at vi me MTPP eb" C L und, r oian ic s upport

the t i:11a at vnI thn PP reacht-s Luilc i i rrantY su"Pport

Nrete t..&k a r'i:trie tiun ha- b--n ma(-] that the uppcr limit ,f MTBF is the

-CrC s:th(r ii(tr organ JL Cr w a rrin ty . The M a j r d i fence r21( I n 1-he
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growth ciurvcs are the growth rates, O and i,W . For simplicity, the MTBF
for organic and warranty have been assumed to be equal at time TI, as
illustrated in Figure B-2.

I(TI)

Zn(T I ) Zn(TwL) Zn(TOL)

Zn T

Figure B-2. MTBF GROWTH CURVES FOR FULL ORGANIC AND
WARRANTY SUPPORT

With these formulations for 9(T) the cumulative %ITBF growth functions
between time T1 and T2 can be found as follows

T- T
e(TI,T 2 ) - T2 -T

jdT

Since the warranty and full organic have tih: same f rwilaticn, the iabeied
subscripts iave been deleted.

To find the cumulative MTBF, the above Integral must L. evaluated. [
"Note that the : TBF may -,ave been saturated before T. Thus to cases must
be consicered. The first case is when saturation Toc"rs hefore T2 . The
iitecral rust be evaluated as follow-

I L L.

T( -(TI) (TI ( 1  
L L

(TPL) (i .) - (TI i - ) - T

b-5
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but

L = (TI~)~ -(TI) (TL)h

Therefore, the cumulative MTBF is

.(Tl,T 2) [(~-~ (T2 - T1 ) (T1 )' O(TL)

(Tl)l--' /(l - i-) + (T2 -TL)/(TL)~

and the 'umulative growth function, F, is as follows

(T2 - Tl) T1 _
F(T1 ,T2 ) fo 'L T

[(TL l-_ - (T l- ] /(l - + (T2 - T )/ T )

The second case is when no saturation occurs. From the above formula-
tion, it can be seen that the growth function is

(T2 - Tl) (T1)--
F(T1 ,T2 ) for T2  TL

7.2 Organic Maintenance After Transition Period

After transition, it has been assumed that the instantaneous MTBF will
grow at the organic rate 0s) starting with the value of mTBFs under war-
rant, at the time of transition. Three possible cases are illustrated in
Figures B-3, B-4, and B-5. Case 1 is when transition occurs before satura-
tion but the %'TBF saturates b-efore T-) which, fcr thne LCC analysis, T-) = NY.
This case is shown in Figure B-3.

The formulation, for the instantaneous MIFgrowth after transition for

-I O() ( : 0" T - ('. )*O -

c 1-1 t

T-. W (TI) (TW- I.



n (TI) Zfl(TW) 'In(TWL) ,n (TWOL0 ) (TL

2n T

Fizgure B-3. INSTANTANEOUS M-3F GROWTH CURVES FOR WARSP- NTY,
ORGANIC, AND POST-TRANSITON FOR -ASE I

Zn(eL)

............................................ .. .................

T

-r4ue 3-. IXT', TGC; § IS P;rC.'VE
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As shown in Figure B- 3, there is i no(w time, T1 WL' it wh'i'-h t-Im- ti

MTFreaches its limit. This time can be found as follows

L (TW)OJW--o (T 1 )-'W VT'WOL)7 0  J(T 1 )

1WOL T ( T 4) ) (T)I
W ith the formulation for ,WO(T) and TWOL, the cumulative MTBF c':An be founc
for the case in which Ti " TWOL -< T 2 .

CQIW(T1 ,T-) = T2 1

aNWO d ± (T2 - TO)/

Hw(2) 
O)

With thie evaluation of thle :integial and(. some algebraic subs t-tut ions, ti~e
-UMUlatLVI 'ITBF §oDr th-e peri-od after transition is

(T T 1  WT) . D IT )I I

cuultie TWOL~ (TI) (10- + (T2 - T,.;C:l) WL

.nnd cumlaiv g-rowth function is

(T') TI) (T; ) W '0 (TI) "

fo T1 ~ TOL~.L lC)- T ) - ( (1 - . ) + (T 2  T\CL)/ /17.:-,

aoi~ ~~T TW;2 Ta*v@n7,11i)i~t

'jiat'v MTBF -s

(I) T, ,:
T ~- : -

I1l T 2)) - ___

Lmv -1 1
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For the situation in which TW TW, then the value of OWO(T) O L and the
cumulative NTBF is

(T2 - Tl)
OW0 (Tl,T2) (T2 -Tl)/eL

6 L

=(TI) W (Tw)8W e(TI)

and the growth function is

FWO(Tl,T2) = (TI)-6W (TL) 6 for TWL < T

7.3 Life-Cycle Period

The final cumulative MTBF for the entire life cycle, which includes a
warranty period, can be found by employing the 6(T)s determined previously
for the periods (O,TW) and (TW,NY). The cumulative MTBF for the life cycle,
GLC' is

OLC(TI,T2) T2 - TL

T1  () Tw ()

Depending at which point MTBF saturation occurs, the cumulative MTBF
will be evaluated differently.

Case I is when the instantaneous MTBF reaches the upper limit before
transition.

7.3.1 Case 1: TWL < T

In Case 1, the MTBF reaches the upper limit before transition and thus

e(T) is

VW(T) T < TWL
(CT) = T

then

LC(TT2) TWL (T2 -Tl) (TI)-W (TI)

'LC(TT2) TWL 'W d-i + (T2 - TWL)/(TWL)

B- 9



and the growth factor is

FLC(TlT 2)=(T- 
lT, a

I(TW) - -CT 1)l- I /(l - BW) + (T2 - TWL)/(TWL)1

for TWL < TW

Case 2 is when saturation occurs between the time of transition and
T2. This case is depicted in Figure B-3.

7.3.2 Case 2: TWL > TW and TW < TWOL < T2

In Case 2, the MTBF reaches the upper limit after transition but before
the end of the interval of interest. Then, the cumulative MTBF is

OLCCTlPT2) = W T2 -T1

(TI) 6W O(TI) / )-W dt + 1w6 WOT-

[TWO f CT) d-c + (T2 - TWOL)/eL]

Following evaluation of the integrals and several algebraic substitutions,
the growth factor is

(T2 -TI) (TI)W
FLC(Tl,T2) =l~w

[(TW) 16w - TiIN /(l - W (TW) 60W [TWOL isO

- TW) 1-~3o0 /(l - 3) + (Tw)Oo W (T 2 - TWOL)/(TWOL) ao

The third case is when saturation does not occur until after T2 . This
situation is depicted in Figure B-4.

7.3.3 Case 3: T2 -< TWor

In Case 3 the MTBF saturates after the period of inte~rest; therefore,
limits are not required orn either of the integrals evaluated in Cases I

B- 10



and 2. Solving the integrals and using several algebraic substitutions
yields a growth function

FLc(Tl,T2) =(T28W - l(- -W

[TW)l8aW - (1)1a /Cl -w N 4+ITW) 6o awI

I(T)1BO- (TW)1i O] /(I - )

8. SET OF EQUATIONS

The entire set of equations that specify all the growth factors incor-
porated into the economic analysis model program are presented in this
section for completeness.

8.1 Warranty Over the Internal (O,TW)

6W(T) = (T1)_ w e(T1 )(T)NW

OW(Tl,T2 ) = FW(Tl,T2 ) 6(TI)

(T2 - Tl) (T1)
8 W

Fw(Tl,T 2) =[(TWLlW - (Tl)1 W] /(l - W) + (T2 - TWL)/(TWL) W

for TW -1 T2

FW(Ti,T) (T 2 ~ - (Tl)1Tw)/- 3W for T2 ~ TWL

8.2 Full Organic Maintenance Over the Interval (O,NY)

60 (T) = (T1)
1-6O e(TI)(T) O

00O(Tl,T2 ) =F 0 (Tl,T2) fliTI)

(T2 - Tl) (T-)- O

F~T,2  TOLv1-3o - (Tj)l-Po] /(I - O) + (T2 -TOLW/TOL) '

for T OL <T-

B-11



F0 (TlT 2 ) ( T2 - T I) (T1)
8 0 for T2 -4 TOL

[(TOL) 180 - (T) 1 a 80] /(1 - 60)

8.3 Organic Maintenance After Transition for the Period (TZNY)

6wo(T) = (TW)BW 8 0O (T1)
8 W (T)BO O(TI)

O)WO(Tl,T2) =FW 0 (Ti,T2 ) 8(TI)

(T2 - Tj) (TW)aW6O (T1)
8BW

FW0 (Tl,T2 ) = T) 0

[(TWOL)18o0 - (T~- 1/(1 -86) (T2 -TWOL)/(TWOL) 60

for T, -< TWOL < T

F WO(TIT 2(T 2 -Tl) (Tw)'W
3 0O (T1)

8

I(T2 )1-$O - (T 2 )1 6O] /(1 - 0()) for TWOL > T

FW0 (Ti,T 2) =(T)- I (TWL) w for TWL~ < TWq

8.4 Entire Life-Cycle Interval with a Warranty Period

8.4.1 Case 1: TWL < TWq

OW(T) T TLI
O(T) =TT

()LC(Tl,T2) = FLCCTl,T 2 ) 6(TI)

(T2 - Tl) (TI)
6 W

FLC(T 1 ,T 2 ) =

1( WL1--W- (T)1BW]I /(l - a)+ (T2 -TWL)/(TWL) B

for TWL < T

8.4.2 Class 2: TWL _ T and Tjq < IrWOL < T2

eW(T) T ~CTW
;LC(T)j

j"WO(T T;. T -< TWO,,

T >_' WL
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OLC(Tl,T2') =FLC(T,'1' 2 ) 'OiTI)

FLC(TI,T12) (T 1 l(T)

1( w~--6W- (T1)
1 -W /(I - w) + (Tw)Ow

x [I(TOL ' - (T~j) A1- )+ (T2 ) O1-TWOL)/(TWOL)~

8.4.3 Case 3: T2  TWOL

OLC(T) =OW(T) 
T < Tw

[)wo(T) T -T

()LC(Tl,T2) =FLC(Tl,T2) e(TI)

FLC(Tl,T2 ) = (T2 - Tj) (T)-

L(w)-w - (Tl)1 j /(l - W) + ) -'W

[(T)1'o- (TW) 1- O /(l - 30)

B-13



ir

APPENDIX C

SPARES SUBROUTINE

1. INTRODUCTION

This appendix describes a subroutine that calculates both subassembly

and module spares. Specific features of the subroutine include pipeline
definitions employed by MOD-METRIC, three types of sparing (no subassembly

repair at base, subassembly repair at base, and module sparing), base and

depot spare calculations, and a simplified back-order calculation at the

depot. The back-order provision considers the fact that because of demand,

spares may not be available at the depot, thereby causing a back order and

resulting in a depot-delay increment time. This delay must be included in
the associated pipeline times.

The subroutine can accommodate a number of bases for a single depot.

Only one depot can be considered, and the bases are assumed to have an

equal number of installations operating an equal number of hours.

2. BASIC APPROACH

The basic approach was to design a subroutine that could accommodate

the three different pipeline calculations and incorporate a simplified

version of the MOD-METRIC back-order calculation.

A general flow diagram of the subroutine is shown in Figure C-1. After

the subroutine is initialized, it chooses a depot spare level, which is

usually set equal to one. It then initiates a loop on depot spares. The

first step is to calculate the appropriate pipeline time. As shown in

Figure C-l, there are three subroutine pipeline-time-calculation paths.

During the pipeline calculations, the depot-delay increment time is

calculated for the existing depot spare level. At this point, a decision

is made as to which type of sparing algorithm will be employed. There are

two sparing algorithms -- one employs the Poisson process and one has been

designated fractional sparing. The requirement for fractional sparing is

a consequence of the low levels of demands observed in the ground equipment

world. Since these low levels of demands reduce the population size of

demands for the Poisson process, the fractional sparing has been incor-

porated. After choosing the proper sparing algorithm, the spares for the

C-1
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Initialize
Subroutine

Increment
Depot-Spare

Level

Calculate Depot- Calculate Depot- Calculate Depot-
Delay Increment Delay Increment Delay Increment

for Case 1 for Case 2 for Module
Subassembly Subassembly

_T - -_ I - -_ I -
Complete Pipeline Complete Pipeline Complete PipelineCalculations Calculations Calculations

for Case I for Case 2 for ModuleSubassembly Subassembly

Perform Perform
Fractiona Determine Poisson
Sparing Type of Sparing Sparing per
Per ase Base

Calculate

S ares for Bases 
Sum Base 

and

CE f Base Type K 
Depot Spares

Total
<A r e_ s

SparesYes i No
Minimum

Figure C-1. GENERAL FLOW DIAGRAM OF SPARES ZTTBROUTINE
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base type are calculated. When fractional sparing is chosen, the spares
for that base type are calculated, and execution is returned to the main
program. If the Poisson sparing algorithm is chosen, the spares for the
base type are calculated and then summed with the depot spares to yield
the total spares. A determination is made as to the minimum amount of
total spares. This loop on the depot-spares level is continued urtil a
minimum value is identified. At that point the subroutine has completed
its task and outputs to the main routine.

3. SPECIFIC TASKS

The subroutine includes four major tasks:

. Spares computation

* Pipeline computation

. Depot-delay increment time computation

. Minimum total spares selection algorithm

The fallowing subsections describe each of these tasks.

3.1 Spares Computation

As discussed previously, there are two sparing algorithms -- fractional
sparing and the Poisson process. The choice between the two algorithms is
made by comparing the pipeline demand product with a preset value of 1.5.
If this product is less than or equal to 1.5, then the fractional sparing
algorithm computes the spares for that base type and exits the subroutine.
If the time demand product is greater than 1.5, the Poisson sparing algorithm
is utilized.

3.1.1 Fractional Sparing

The fractional sparing alg-rithm simply considers the time demand prod-
uct ap the fractional demand -.. base type. To complete all the spares
for base type k, a spare for Lne depot is added to the fractional demands.
This value is outputted to the -ain program, which sums the contributions
for each base type and then , ids up to the next whole number of spares.

3.1.2 Poisson Sparing

Fcr the Poisson sparing algorithm, the sparing approach employed is
based on the assumption that demands follow a Poisson process. If the
maintenance demand rate is D per day for items from a spares pool and if
the average pipeline time to repleni Th the spares pool is P days, then the
number of spares required to meet a spares-sufficiency level (PSUFF) for
a steady-state condition is the smallest integer value of S that satisfies
the formula

S -(P <D) ) n

n (P PSUFF

n =n!n=C
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This computation is performed by a function designated as ISPARE in the
subroutine.

3.2 Pipeline Computations

The pipeline times must be considered on a per-case basis. For Case
I, there is no subassembly repair at the base. The Case I pipeline struc-

ture is illustrated in Figure C-2. The average Case 1 pipeline time, TG,
is

TG = PRTOK x TB + [1 - PRTOK] x [TO S + TIG + TB]

where

PRTOK = probability of "Retest OK" at the base

TOSS = order and ship time for subassemblies (starts when item is
reordered until time that item arrives and is put in base stock)

TIG = depot-delay time increment for a subassembly

TB = base-cycle processing time

Replacement
UnitBase

Spares

SubassemblyS
~"Tests

Good" Subassembly

Removed Base Spare

Unit Intermediate- Replacement
Syster Level 7

Maintenance
Failure I
Message

Failed
Subassembly Subassembly

Central Spares
Supply

Rej 

:aired 

S

Depot Repair S

Fir~ure C-2. LOGISTIC PIPELINE FLOW FOR CASE 1 SUBASSEMBLY SPARING
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Case 2 is when subassemblies are repairable at the base. The pipeline

structure is illustrated in Figure C-3 for Case 2. The average pipeline

time, TNG, is

TNG = [PRTOK x TB] + [PNRTS (Toss + Tc + TIG)] + (1.0 - PRTOK - PRTS)

x [PSRU x TB + PNSRU x (TOSM + TIS + TB)]

where

PNRTS = probability of not repairable at the base

PSRU = probability of having a module to repair the subassembly

PNSRU = 1 - PSRU

TOSS = order and ship time for a subassembly (same as for Case 1)

TOSM = order and ship time for a module

Tc = depot-repair cycle time that starts when the subassembly
enters base checkout and includes base-repair cycle time,
transportation to depot, and repair and placement into stock

TIS = the weighted average depot-delay increment time of all modules

for the subassemblies of interest (it should be noted that
this is an input parameter tb the subroutine)

This first term of TNG considers those items which "retest OK" at the

base. The second term considers those items which are not repairable at

the base and are sent to the depot. The third term of TNG considers those

items which are repairable at the base (where PSRU x TB represents repairing

the subassembly with the necessary module at the base), and PNSRU (TOSM +

TIS + TB) considers that the required module may not be available at the

base and therefore must be obtained from depot supply. This latter term

also considers that th'= -equired module may not be available at tho depot.

This time, T,5, i a weignted oi-ot-delay increment time of all the modules

for subassembly of interest and is inputted to the subroutine. TIG is
calculated in a similar way as in Case i.

The TIS for the it' subassembly, denoted by TIS i , can be calculated

as follows

n
TIS i  Z Pij Ti_

j=l

where

Tij = the depot-delay increment time for the jth modules in the ith

subassermbly
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Figure C-4. MODULE PIPELINE FLOW

3.3 Depot-Delay Increment Time Calculation

The depot-delay increment time is calculated from the expected nu:wber
of back orders at the depot. The expected number of back orders at a random

Loint in time is equal to the expected number of units for whih a delay

is being incurfed, and this is equal to the expected rumber of delayed days

per day at the depot. Dividing this quantity by the expected number of

demands per day yields the expected number of delay days per demand, which

is ecuivalent to the depot-delay increment time.

This depot-delay increment time (TI ) is defined as

EBOTI = _

wne re

EBO = the expected number of back orders at the depot

ID = NTH yd the depot demand rate

C-7
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NT = total number of installations

H = operating hours per day

A d = XUl - PRTOK), demand rate per hour at depot

X = demand rate per hour at base

PRTOK = probability of "retest OK" at base

The expected number of back orders at the depot is

EBO (n - S (e) XDTD (XT)

n=S+l

where

S = depot spares

TD = depot-cycle repair time (starts after failure determination and
includes shipping time, repair at depot, and replacement in depot
stock)

For convenience, let

An (e)-,(DT D (XDTr n

Then

EBO =(n -S)A,

n=S+l

S nAn S E A
n=S+l n=Stl

3OSc S

S nAn- nA -S EZAn +S An
nO n=O n=O n=O

However,

n=0)

is -r~ep '~~c ,;10vh 's ~Tand he YAn is eilto one.
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There fore,

S S
EBu =XDTD- Y nAn-S + S Y An

n=O n=O

EBO =XDT S (S - n) (e)XDTD (XDTD)]EB =kDD -S + En!

n=O

The depot-delay inorement time is

= T - S/ 0 + S (S - n) (e) XDT D (-XDTD)nT I = TD - S/XD + Y

n=O n!XD

This expected back order is computed in a function designated as EBO in the
subroutine.

3.4 Minimum-Total-Spares Selection Algorithm

As shown in the equation for TI, the delay increment time is dependent
on the number of depot spares. To determine the optimum number of spares,
a cycle is established in which the depot spares level is incremented. For
each depot spare level, the delay increment time is ccmputed and then incor-
porated into the pipeline time, which is then employed to determine the
base spares level for a unit. It is desirable to have the minimum amount
of total spares for that unit (i.e., base and depot spares combined). This
determination is made by a selection algorithm, which employs a four-point
running average of the total spares. If the most recent computation of
total spares is greater than the current average, the cycle is stopped.
Once the cycle is completed, the depot spare level yielding the lowest
total spare value is chosen. This algorithm is employed when Poisson spar-
ing is chosen.

4. COMPUTER IMPLEMENTATION

A listing of the subroutine starts at line number 16250 of the program

listing provided in Appendix A. The arguments for the subroutine are as
follows:

J Denotes Pipeline Type, Outputted

1 - Subassembly not repaired at base

2 - Subassemnly repairei at base

3 - ,;Iodules

INPT Total Number of Spares, Outputted

IDS Number of Depot Spares, Outputted

C-9
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BPRTOK Base "Retest OK" Probability, Inputted

DTROK Processing Time for BPROK Item in Days, Inputted

DRTL Depot Repair Cycle Time (Days), Inputted

TOSS Order and Ship Time (Days) for Subassemblies, Inputted

TOSM Order and Ship Time (Days) for Modules, Inputted

PNRTSS Probability of Not Repairable at the Base for a Subassembly,
Inputted

PNRTSM Probability of Not Repairable at the Base for a Module, Inputted

PSUFF Probability of Spares Sufficiency, Inputted

DSRU Base-Cycle Repair Time (Days), Inputted

H Average Number .of Operating Hours per Installation per Day,
Inputted

NB Number of Installations, Inputted

PMTBD MTBD for Unit in Hours, Inputted

TINC Depot-Delay Increment Time in Days, Inputted for Case 2,
Outputted for Case 3

SPARES Number of Fractional Spares, Outputted

Most of the arguments are self-explanatory; thus their usage should
present no problems. However, there are two arguments, J and TINC, that
require a further explanation. The argument J is a flag for the subroutine
that tells the subroutine which pipeline calculation to choose. By the
appropriate selection of J = 1, 2, or 3, the subroutine will calculate the
spares for the desired type of unit.

The argument TINC has a double role. When computing the Poisson spares
f-r Case 3 modules, the subroutine will set TINC equal to the determined
depot-delay increment time. Thus the main program can store the value of
TINC for every module in a given subassembly. Values can then be weighted
in any desired manner in the main program. When computing the spares for
Case 2, TINC is the weighted average depot-delay increment time for the
subassembly. This weiuhted ave ae can be shown as follo :s: In the Case
2 pi.,-line whon a subassembly is determined to be a failure and is repaired
at the bas., a ijo. sitn -i ty exists. that the desi red module to repair the
subassembl, is :iot at tre ba6. or not at the depot supply. To account for
this set of event s, a weigni ed average of the module depot-delay increment
time was required. Instead of computing the quantity in the subioutine,
it was decided to input thi.s parameter into the subroutine.
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5. EXAMPLES OF THE USE OF THE SUBROUTINE

This section addresses a few examples of exercising the spares sub-

routine. Consider the following set of parameters for a subassembly:

" Base cycle time - 15 days

* Order and ship time - 45 days

• "Retest OK" probability at base - 0.1

* Depot-repair cycle time - 90 days

" Probability of not-repairable-at-base for the subassembly and for

the module - 1.0 percent

• Probability of spares sufficiency - 0.90

" Number of installations - 500

" Average operating hours per day per installation - 24

" Mean time between demands - 10,000 hours

An assumption has been made that the processing time for a "retest OK"

at base is equal to the base-cycle time. With a probability of not-

repairable-at-base equal to one, the unit is a Case 1 option. The input

call to the subroutine would be:

CALL SPARE (1, ISPT, IDS, .1, 15., 90., 45., 45., 1.0, 1.0, 0.90,

15., 24., 500., 10000., TINC, SPARES)

The results of five different MTBDs are shown in Table C-1.

Table C-1. EXAMPLE RUN FOR CASE 1

MTBD Depot Total TINC
(Hours) Spares Spares (Days)

5,000 144 311 8.52

7,500 97 210 8.15

10,000 70 159 10.59

12,500 60 129 7.09

15,000 48 108 9.46

Note for this case that TINC does not monotonically increase with increas-

ing MTBD. The selection algorithm is minimizing the total number of spares

of which TINC is only one variable. In some cases it is better to have a

larger TINC, tLos requiring less depot spares resulting in fewer total

spares.

C- 11
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As a second example, consider a module with the same inputs as for
the subassembly discussed in the first example. Vary the MTBD from 25,000
to 75,000 hours. The call to the subroutine would be:

CALL SPARE (3, ISPT, IDS, .1, 15., 90., 45., 45., 1.0, 1.0, 0.9,
15., 24., 500., 50000., TINC, SPARES)

The results of five different MTBDs are shown in Table C-2.

Table C-2. EXAMPLE RUN FOR CASE 3

MTBD Depot Total TINC
(Hours) Spares Spares (Days)

25,000 31 62 6.98

37,500 21 43 7.48

50,000 16 33 7.85

62,500 13 27 8.15

75,000 11 23 8.39

Since this last example was for a module, assume that five modules
constitute a Case 2 subassembly. Then the TINCs from each module can be
weighted as follows:

n
Twi = Y Pij Tij

j=l

where

Tij = depot-delay increment for the jth module in subassembly

Pij = ij/ ij
J

probability that the jth module in the ith subassembly fails
given that the ith subassembly has a failure

Xij = demand rate for the jth module in the ith subassembly

The weighted depot-delay increment time for the Case 3 (-xample has
been calculated at 7.57 days.

Consider a Case 2 subassembly with the same parameters as the example
for Case I, except tnat tht; probability of Not Repairable This Station for
the subassembly is equal to 0.08. The call to the subroutine would be:

CALL SPARE (2, ISPT, IDS, 0.1, 15., 90., 45., 45., 0.08, 1.0, 0.9,
15., 24., 500., 10000., 7.57, SPARES)
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The results of five different MTBDs are shown in Table C-3.

Table C-3. EXAMPLE RUN FOR CASE 2

MTBD Depot Total TINC

(Hours) Spares Spares (Days)

5,000 31 62 7.57

7,500 21 43 7.57

10,000 16 33 7.57

12,500 13 27 7.57

15,000 11 23 7.57

it
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APPENDIX D

PROVISIONS FOR WARRANTY AND
MTBF GUARANTEE PLANS

The provisions contained in the following pages represent a collection
of warranty and MTBF guarantee terms and conditions that have been drawn
from actual applications. The user should be advised that these terms and
conditions do not apply to any specific item of equipment and would require
modification to meet the circumstances unique to a specific application.
Explanatory comments regarding modifications are also included.

D-1
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WARRANTY WITH MTBF GUARANTEE

PART I - INTRODUCTION *

1.1 This introduction provides an overview of the specific contractual
requirements contained in Parts II through VII of these provisions. The
purpose of this warranty-guarantee is to induce the contractor to design
reliability and maintainability (R&M) into the equipment. The warranty-
guarantee extends the contractor's responsibility for a period of time

beyond delivery of the equipment and provides an incentive to the contrac-
tor to further improve the equipment's reliability and maintainability
at no additional cost to the Government above the fixed price.

1.2 The following two separate options V are provided:

(a) A reliability warranty. Under this warranty option the contractor
is required to correct or replace, at his option and at no addi-
tional cost to the Government, any equipment that fails during
the warranty period. Maximum latitude shall be given to the con-
tractor to make no cost changes to improve R&M.

(b) A reliability warranty and MTBF guarantee. This option is the
same as that in Paragraph 1.2(a) except that in addition to per-
forming no-cost-to-the-Government repair, the contractor also
guarantees that a stated MTBF will be achieved in field operation.

1.3 The warranty is for a five (5)0D year period, commencing with Govern-
ment acceptance of the first production unit.

1.4 The projected usage rate is provided in Table D-1.@

1. 5 The Government is responsible for r:anaqing the warranted unit spares
inventory irositloned at any operational location. The Covornment will
purchase zpare units on the b I i)f ,stabl~ J provi< . ninq 'plocedures.
These spare nnit will , laced in the cuntract or's bonded stoI age area.
The contract)r will t, 1e -en i U, for manan:i na this -;)arts inventory. When
a demand for a ut e: i!;t- in u> fi,1-J, tnri contractor vill be notified by
a Material T-1aaOcr :.r, ai!n] : -y i] ;r tl: provide a rt-i lacoment unit.

*Circled numbers rtefr to exnlanatory comments provided it thel end of this

appendix.
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1.6 The contractor is required to provide consignment spares at specified
intervals if his repair turnaround time is greater than that contractually
required.

1.7 For the MTBF guarantee option, the contractor is required to provide
consignment spares at specified intervals if the actual measured MTBF is
less than the contractually required MTBF.

1.8 At the end of the warranty period the contractor is required, at no
additional cost to the Government, to provide necessary modification kits
and data to permit the Government to modify all units to the latest approved
configuration.

PART II - STATEMENT OF CONTRACTOR WARRANTY

2.1 Notwithstanding the conclusiveness of final inspection and acceptance
of supplies and services furnished under this contract, the contractor
warrants that the units listed in Section E (Schedule) a shall be free

from defects in design, material, and workmanship and shall operate in
their intended environment in accordance with applicable Technical Orders
and specifications for a five (5) year warranty period. The warranty period
shall begin upon Government acceptance of the first production unit and
shall terminate five- (5) 3 years from that date.

2.2 Any unit that fails to meet this warranty shall be returned to the con-
tractor's designated repair facility at Government expense. The unit shall
be either corrected and modified or replaced at the contractor's sole option
and expense so as to operate in accordance with specification 7_

The unit as corrected or replaced and accepted by the Government in accord-
ance with approved Repair Verification Test Procedure 0 shall be
placed in bonded storage.

2.3 A failure is defined as any warranted unit returned to the contractor
bcueit does not perform in accordance with specificationo

2.4 The contractor shall not be obligated to repair or replace, at no cost
to the Government, any item warranted hereunder that is lost or damaged by
reason of fire, explosion, submersion, flood, enemy combat action, or tamper-
ing by Government personnel, unless the occurrence of fire or explosion was
a result of nonconformance of the warranted item. In addition, the contrac-
tor shall not be obligated under these warranty provisions for:

(a) Repair cf external physicai damage caused by accidentai or willful
Mistreatment, or

(b) Repair of iPt' rral Jiysic~1 damige t., ir, in the determination of
the 'ov. r r-. t, has b..,,n causel b- accompanying external physical
dara,4,, ;u - tr) mi v treatment or- tampering by noncontractor personnel.
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There is a presumption that a warranted item or module, which is returned
to the contractor's repair facility during the warranty period, is covered
under this warranty and that only the exclusions listed above shall void
the contractor's responsibility to test, repair, or replace at no increase
in contract price under this warranty. No distinction is to be drawn be-
tween type of failure, such as relevant versus nonrelevant.

2.5 The rights and obligations of the parties under this warranty are in
addition to and independent of the rights and obligations of the parties
under the other provisions of this contract including the Correction of
Deficiencies Clause cited therein. The contractor shall not be liable for
special consequential or incidental damages.

PART III - CONTRACTOR OBLIGATIONS

3.1 The contractor agrees to retain responsibility for configuration manage-
ment and systems performance for all equipment under warranty. All contractor-

developed and -initiated warranty ECPs for improved reliability or maintain-
ability of the units that are approved by the Government shall be incorporated
at no change in contract price, including incorporation of such changes to
the affected units and updating of support equipment and technical data
directly resulting therefrom. Proposed changes shall be submitted pursuant
to the appropriate provisions of this contract and shall be clearly designated
as a warranty ECP. The contractor shall maintain configuration control by
serial number. All changes to configuration, design, part, Technical Order
(T.O.), support equipment, etc., that affect form, fit, or function of the

warranted items shall be submitted to the Contractir., Officer for approval.
Changes not affecting form, fit, or function shall be documented, accomplished,
and reported to the Government. As each item is repaired by the contractor,
it shall be modified to the latest approved configuration. It is intended
that at the end of the warranty period all items and associated T.O.s, support
equipment, etc., shall be in the latest approved configuration. Thoce items
in the inventory at the end of the warranty period which are not in the

latest approved configuration shall be modified by the Government by using
kits and T.C.s supplied by the contractor under these warranty provisions.

The kits and T.O.s referred to above shall be supplied by the contractor as
a part of these warranty provisions and at no change in the fixed price for
such warranty.

3.2 In meeting the warranty provisions specified in Part II above, the con-
tractor shall comply with the following:

(a) The contractor shall maintain the records reuquir-! b- Part VI
hereof aie) re" c.l nem',,r for each u-it uirr .jrrantv. These
records shall *, ma:, available to the Cove.nment as required and
sn iL be aval l :'r for rev, .w during warranty period and for

i-, tho -e -e ter.
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(b) The contractor shall provide and install seals for all warranted
units to preclude tampering.® The design of the seals shall be
such that inadvertent seal breaking is minimized. The contractor
shall submit the proposed seal design to the PCO for approval.
A broken seal in and of itself shall not be evidence of unautho-
rized maintenance. An exclusion exists only when the cognizant
ACO determines that there was obvious internal tampering which
induced the failure.

(c) The contractor shall, in addition to the identification plate:®8

(1) Place on each unit a display that will provide, as a minimum,
information that the unit is under warranty, the warranty
expiration date, failure data requirements, and shipping in-
structions.

(2) Place on each unit a decal for field personnel to record

tqe date the unit is installed and the date of removal. The
proposed format(s), application(s), construction, and pro-
posed location(s) of the plate and decal shall be submitted
to the PCO for approval.

(d) The contractor shall also place warranty information in any Tech-

nical Orders applicable to the warranted unit. The T.O.s shall
also provide instructions for any maintenance actions that may be
performed by organizational or intermediate personnel without
voiding this warranty.

(e) Preservation, packaging, packing, and marking at the contractor's
facility shall be in acordance with Section G of the contract
and shall be at thie contractor's expense. The contractor shall
mark tl_,_ ,hipping container(s) used for transport of warranted
units with the external citation "WARRANTED ITEM" in bold letters.

(f) The contractor shall maintain throughout the warranty period at
least one (1) fully operational warranty repair facility. The
location of such facility shall be subject to the approval of
the Procuring Contracting Officer. The contractor shall also
maintain at each repair facility a secure storage area O (i.e.,
bonded storeroom) for spare and repaired units. The contractor
,hall provide all necessary facilities, t9oling, and equipment of
any type ne :essarv for the successful prrformance of this warranty
(except for the ARS AUTODIN terminal needed to accomplish asset
reporti ngr . ihe con actor shall rrovide necessary personnel to
operate the AUTODIN (9 ter A16 as well as terminal suivlies.
Property ccntra-l of ar- returned unit.- will be r accordance with
ASPR Appendix B ".%,i e i for Control of Government Owne,! Property
in op ;, SLC. - ontrictor .

g) When a i cuir.ment geners te in the field, the It,-m Manager
hal[ I empt]-' r ti ," t'e cont ractor ', the Autodin Adv.iced

Re,:urec{_-<.stems , giving shipping instr ictions for units to satisfy
th- r,.,uirm ,t. This recuirement will be in tihe form ,f a
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Material Release Order (MRO). Upon receipt of such notification,
the contractor shall ship a replacement unit from the bonded
storage area to the facility designated by the Government. To
the extent possible, a first-in/first-out basis shall be used in
selecting units for shipment from the storage area. Such ship-
ment will be made within 24 hours after receipt of the Material
Release Order. Only Saturdays, Sundays, and contractor-/union-
recognized holidays shall be considered nonworking days. If
receipt of the MRO occurs on a contractor's nonworking day, the
24-hour period shall begin at the start of the contractor's first
workday following notification. 0 The contractor shall use a
Government Bill of Lading accompained by DD Form 1348 or DD Form
1149 for transfer of Government property accountability.

3.3 If the contractor considers that the unit returned is covered by one
of the exclusions in Part II, Paragraph 2.4, the contractor shall submit
the circumstances to the Adminstrative Contracting Officer together with a
not-to-exceed price and schedule for repair. If the ACO determines that
correction or replacement is not within the terms of this warranty, repair
of the equipment shall be the subject of a seperate procurement action.
Equipment so repaired shall continue to be warranted for the remaining
warranty period at no change in contract price. If the ACO determines that
the equipment is not covered within the terms of the warranty and is not
correctable, the equipment shall be disposed of as directed by the ACO.

3.4 The contractor shall be responsible for obtaining spare parts fur use
in repair and/or modification. These parts remain the !iropert,, of the
contractor until incorporated into a unit at which time title for these
parts passes to the Government. All spare parts shall be in accordance
with approved drawings and specifications. Any failed (a) material removed
and replaced or (b) unit replaced, pursuant to this warranty shall become
the property of the contractor.

3.5 The Government reserves the right to perform inspection at the contrac-
tor's repair facility. All items returned for repair and/or modification
under the provisions here!2 shall be subject to special Repair Verification
Test Procedures (
3.6 Units returned and covered under this warranty for which the failure
cannot be verified and which pass the Repair Verification rest Procdure
shall be covered by this warranty at no additional cist to the Government. 0
3.7 The contractor shall, within the number of calendar days sfecifled in
Section E (Schedule , correct or -ispose of and replace uni ts and install
approved modificationis as nec,2,sar/, and after passino Repair Verification
Test Proceo:ure., nh .sIa]' tore the returned unit in a bonded storage
area. F)s turnarcid _ime r, c:Lccent shall app1y to all units returned
except thore t ',I ch ,ro more of the exclusions listed in Part TI,
Paragraph -. a2cl- .
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3.8 Calculation of average turnaround time shall be made every six (6)

months of the warranty period for each type of unit. The first such period

shall start at the t-.e of final acceptance by the Government of the first

unit. If the average turnaround time in a six (6) month period is greater

than the turnaround time specified in Section E, as computed from warranty
data records, the contractor will be required to provide the Government

consignment spares consistent with the MTBF Guar~tee values specified in
Section E and in accordance with the following:_

n = AOT () (Tm - Tr) - L

where

n = number of turnaround-time consignment spares to be furnished
(n rounded to next higher integer)

AOT = average operating time per day per unit calculated as follows:

AOT - -
£Ti

where

T = number of days each returned unit was installedi

H = number of operating hours for each returned unit during T daysi

= average number of installed units defined as follows:

6
S N + N

6 j=l 2

N3 = number of units that are installed on the last day of each month
(j) of the six (6) montih measurement period

N.-1 = number of units installed on the last day of the previous month
of the measurement period

G = unit MTBF guarantee value for the corresponding measurement period,
as specified in Section E, defined as the projected total operating
hours (PTOH) , as specified in Section E, for such installed units
in the Government inventory during a specified period divided by
the total number of projected failures during the same period.
(Note: If guarantee value is :ot used, contractor and Government
s-hould use agreed-upon values)

T = measured averag,: unaround time in days is the average number of
da's each type of unit. i; in the contractor'- possession, from

the day it arrives at the contractor's facility until it is ph, s-
ica&ly placed in bonded 3torige as a serviceable unit, packaged,
and rady for issue
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T = turnaround time commitment as specified in Section Er

L = spares currently consigned to the Government as a result of repair-
turnaround-time commitment provisions

(a) A positive value of n represents the liability or the centractor
for consignment spares under the repair-turnaround-tim -commit-
ment provisions of this warranty.

(1) The contractor shall provide suc: consignment snaros to the
Government within forty-five (45) days. however, th

actual quantity of such consignment spares shall be no
greater than the number of occasions when an item is re-
quired by the Government and was not shipped within the
required period because of insufficient assets in the con-
tractor's bonded storage area.

(2) For each consignment unit not supplied within the al-propriate
period, the contractor will pay the Government at the rate
of 1.67 rercent r of the unit price for each day late.
However, this payment shall not be more than 100 percent of
the unit price.

(b) if n in the above equation is negative, the Government shall return
any consignment spares in its inventor/ within sixty (60' U days
up to an amount ejual to the absolute value ( f n.

(c) In no case shall the number returned be greater than the _ijantito
originally consigned by tie contractor. The :nits returned shall
be either consignment units provided by the contractor or e-uivalent
units provided under this or another contract.

3.9 The contractor shall have a continuing responsililit"' to perform under
this warrant., for any item s h jped to the contractor's reair faci I it.- wit;,
a shipping iate on cr before the last da. of the warrant,y ,eriod.

PART IV - OVEflNT ,BfIOATIOMS

4.1 The Government shall:

(a) To the extent practicable, verify all failures in arcerdance wi
appli:able Technical Orders prior to return of the unit ts te

cont ractor.

(b) ri in instrurti n. Wn ''iu -. '' fjA,
St -m Mt' r %7 , '- ot 1 , t , e

,,'jt , < . i .rvi'} , Pe ,'-'.s Q fr": h i [ [, : t r act ions
Ait 1 nil ;'i /1 T1'~ m t

t';e ontr ci r s , ,'' ,- [ , . , :![m)'t >: :i r the

. n II , 'I ntn .
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(c) Provide field- and intermediate-level maintenance on those actions

specified in applicable T.O.s, using the specified Technical Order
Procedures.

(d) To the extent practicable, furnish the installation and removal
dates of all failed units. In addition, the Government shall

furnish failure data and test readings, on AFTO Form 350, for all
failed units when the units are returned to the contractor, as
specified in T.O. series 00-20.

(e) If an ETI is installed on the unit, furnish ETI readings at the

time of installation and removal. If an ETI is not installed,
furnish he number of operating hours during the installation
period. ( )

(f) Agree that all no-cost RIW Class I ECPs submitted to imlrcve r -
liability and maintainability shall automatically stand as approved
by the Government forty-five (45) @_y days after receipt by the
PCO, unless the Contractor is notified of disapproval in writing

prior to that date. Disapproval of any no-cost KIW Class I ECP
shall in no way relieve the contractor of his obligations pursuant
to this contract. A unilateral no-cost change order shall be

issued to authorize the change.

(q) Determine the quantity of consignment spares to be pr vid,3u n
accordance with Paragraphs 3.8 and 5.2.

(h) Witness contractor-conducted testing and review th t,:t docs-
mentation at the Government's option.

(i) During the warranty period, return the excess number of uni' as
determined in Paragrap' 3.8 and 5.2 as soon as pcssible b-t. no
later than sixty (60) 6 days after receipt of the warranty data
report if the calculations indicate that such return is r.anred.

(j At the end of the warranty period, return all consiunment units
provided in accordance with Paragraph 2.8 a:_! the excess r.n-ser
of consignment units determined in accordance with Faragra;,h 5.2.

All other consignment units shall bescmc Government i no}nertv.

(k) Provide, on a monthly, basis, the quantit,, -f war,.ant: units in-
stalled on the la- day of each month.

(1) Shis all units in ar-roved containers, and if reusable containers
are the aoproved means, maintain an adequate s-qj1 Iy for shas'ment
of unit-: to and from their destination.

(m) Provi- an ARS Autodin terminal, as requiied, for accomplis hing
asset ,;~ o rting an train:,, for tlis contr.:tor-l2,.*.vi ,td terminal

one ratur;.

PART V - MTBF [,tAK2.!']

If this o: tian is ,xr-rcisod, thi contractor shall guarantee that ti
warranted units wi L1 achive an MTBF equal to or greater than that indttd
in 5ection E.
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5.1 As used in this guarantee, unit MTBF is defined as the total operating
hours of all units in the Government inventory that were accumulated during
a measurement period divided by the total number of verified failures of all
such units during the same measurement period. Failures are as defined in
Paragraph 2.3.

5.2 For each type of unit the contractor shall calculate the MTBF achieved
over the previous six (6) month period. The first such measurement shall
be made twelve (12) months after the final Government acceptance of the
first produ.tion unit. The following explains how such measurements shall
be made:

TOH
F

where

M = achieved MTBF of unit

F = number of failures of the unit (as defined in Paragraph 2.3)
occurring during the measurement period

TOH = total operating hours during six (6) month measurement period,
calculated as follows:

TOH N x D x AOT

where

N = average numberof installed units, as defined in Paragraph 3.8

D = number of days in the measurement period

AOT = average unit oerating time per day per unit, as defined in
Paragraph 

3.8e

5.3 In calculating the above:

(a) Only units (and operating hours therefrom) that are returned
during the warranty period shall be counted.

(b) Operating time while at the contractor's facility shall be ex-
cluded. Returned units for which the _lapsed time is not avail-
able shall be included in the calculation of the average operating
hours per day by using the average operating hours of all re-
turned units with available elapsed times.

(c) Pturned units that have missing installation or removal dates
shall b., considered --o nave been installed tih. calculated average

ubrof da, ' of all reuad nits witli, available installation
d , reimc, ., ! i t es.

(d) Retu r-& units with missing operational hours on date of removal
shall be onsjdered to have buen operated the calculated average
:waimber of operatinq hours of other returned units with available
I)CIj-e ational i ours.

D- 10
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(e) The Contracting Officer will review the contractor's calculation
and supporting data of AOT.

5.4 In the event that an achieved MTBF at the end of the second measurement

period (13 to 18 months) and succeeding measurement periods is less than
that of a corresponding MTBF guarantee value (stated in Section E), the
contractor shall furnish the following to the Government at no increase in

contract price:

(a) Engineering analysis (including failure modes and effects analysis)
to determine the cause for nonconforming MTBF in accordance with

Part VII, Paragraph 7.1.

(b) On the basis of the above analysis, No-Cost Engineering Change

Proposal(s) pursuant to MIL-STD-480, and subsequent to Government
approval of said ECP(s), modification (at no cost to the Government)
of all items, spares, spare parts, support equipment, software
and technical data (to the extent that such items were originally

furnished by the contractor) to incorporate the change and achieve

the guaranteed MTBF.

(c) Additional "pipeline" unit spares to the Government on a consign-
ment (no-charge loan) basis or payment for not providing consign-
ment spares in accordance with Paragraph 5.6 for each type unit;
however, the quantity of additional spares shall not exceed m as

computed by the following formula:

m = (A x S) - Sp

where

m = the maximUm number of MTBF piepline consignment spare units
(rounded to the next higher whole number)

Sp = spares currently consigned to the Government through the MTBF
guarantee provisions

A = the number calculated as follows

A = --- 1 (if A is greater than 1, it shall be redefined as 1)
M

G = specified unit MTBF guarantee value as defined in Paragraph 5.1
for the corresponding measurement period, as specified in Section E

M = achieved MTBF of unit

S = "target" spares level calculated as follows

/ 23+ T+ ) 2 3 + Tr
NACT + 1.65~ ADT

where 23 repr,-ents the number of pifeline days U to and from the Contrac-

tor's facility, and where Tr is the required contractor turnaround time a!;
defined in Paragraph 3.7 and as specified in Section E. AOT represents the

D-11
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average operating time of one (1) installed unit per day, as defined in
Paragraph 3.8. If m is negative for a particular type of unit, the pro-
visions of Paragraph 5.7 shall apply. The average number N of each type
unit shall be calculated as set forth in Paragraph 3.8.

5.5 The objective of the consignment units is to support the pipeline flow
pending improvement of the achieved MTBF. The Procuring Contracting Officer
(PCO) shall determine the actual number of consignment spares to be provided
by the contractor in the event that the unit MTBF guarantee value is not
achieved. In no event shall the actual number exceed that computed by the
formula in Paragraph 5.4.

5.6 In the event consignment units are to be supplied by the contractor
to the Government, the contractor shall provide such units as soon as rea-
sonably possible but not later than 90 days if the units are still in
production, or 270 days if the units are not in production. © For each
consignment unit that is not supplied within the appropriate time, the con-
tractor will make payment at the rate of 1.67 percent of the unit price,
specified in Section E, per day for each day late. In no event, however,
shall this payment for any specific MTBF measurement period for the unit be
more than 100 percent of the unit price.

5.7 In the event units have been consigned to the Government and "m" as
calculated in Paragraph 5.4 hereof is negative during any one measurement
period, all or a portion of such consignment units loaned to the Government
under the MTBF guarantee provisions will be returned to the contractor
according to the following formula:

Number of Consignment _G 1 S
Units to be Returned Sc -1

where

S = number of units currently on consignment; G, M, S are defined in
Paragraph 5.4. In no event shall the number of consignment units
to be returned exceed Sc -

5.8 Consignment units provided, pursuant to Paragraph 3.8 or Paragraph 5.6,
which are in Government inventory, shall be subject to all provisions of the
contract and the warranty at no increase in contract price. The warranty
expiration date for such units shall coincide with the warranty expiration
dates specified in the warranty herein. All consignment units required at
the end of the warrantv period, as determined in Paragraph 5.4, shall become
the property of the Government at no additional cost to the Government.

5. Withlin s7 xt.' (60) days after the expiration of the warranty period, the
,rmti~ct , : ] ntf ,PCD in writiny of an-. consignment units or pay-
.not Ju,' t ,'.': nt. 'in the Basis of Government api~roval of the final

T,2IsureWm :.t 'Ae tion, the contractor shall deliver all consignment units
due, or wit.. t ae a ioval nf tie PCO, pay the Government 100 p)ercent of the
value of an'. :on:nqnment unit(s) due.

D-12
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PART VI - OPERATING-HOUR PRICE ADJUSTMENT

6.1 At the end of the second year and each year thereafter during the
warranty period, the contract price shall be adjusted to account for actual

operating hours over or under the projected total operating hours. Table

D-1 presents the projected total operating hours by year and provides a
sample calculation of operating-hour price adjustment. During any period

in which the ratio of the actual to the projected tgal operating hours is

between 0.9 and 1.1, there shall be no adjustment. V) If the ratio is

below 0.9, the price shall be adjusted downward by an amount equal to the
projected operating hours minus the actual operating hours. The warranty

price per operating hour will be computed by dividing the total 5-year
warranty price by the projected 5-year total operating hours. If the
actual operating hours in any measurement period are greater than 1.1 times

the projected operating hours, the price shall be adjusted upward by an
amount equal to the actual operating hours minus projected operating hours

times the warranty price per operating hour. In no event shall the total
adjustments during the warranty period be greater than 30 percent of the

warranty price.

Table D-1. PROJECTED OPERATING TIME BY YEAR

Projected Yearly Operating Time
Year (Hours)

1 100,000

2 200,000

3 300,000

4 400,000

5 500,000

Total 1,500,000

Example of Operating-Hour Price Adjustment

If the warranty price is 1,500,000, the warranty price per

operating hour would be $1. If at the end of the first two-year

period the actual operating hours were:

• Between 270,000 and 330,000 hours, no adjustment would

be necessary since the actual operating hours .r,,re be-

tween 0.9 and 1.1 of the projected total o- rating hirurs.

" For 250,000 hrours, the downward adjustment would he

(3 , 9 - 25'i,0%') $1 = $5, 0

" For 375,000 hours, the u:;ward adjustment wculd be

(375,000 - 300,O0!0) $ i - $75,000
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PART VII - DATA REQUIREMENTS

The following reports and/or plans are required: @

7.1 Data Collection Analysis and Reporting Plan/Program (DID, DI-L-30321A)

7.2 Material Transaction Contractor Storage/Distribution Point (DID,

DI-L- 30320)
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EXPLANATORY COMMENTS FOR PROVISIONS

O Recent provisions, particularly in contracts awarded by AFLC, have

included an Introduction section. The intent is to provide an over-

view of the provisions that follow in the remaining sections.

Clarification of options and proposal pricing requirements for the

separate options will normally be contained in the RFP instructions.

For example, a third option could be an MTBF guarantee without a

warranty. This type of guarantee was discussed in Subsection 7.2.1

of this report.

0 A discussion of warranty coverage alternatives is contained in Sub-

section 7.1.1.5 of this report.

GFor many items of ground equipment, an assumption of 24 or 8 operating
hours per day per installed unit would closely approximate the actual

operating hours.

( For equipments with relatively low demands on the supply system (i.e.,

high MTBF and relatively small quantities), it may not be cost-effective

for the contractor to maintain a bonded storage area. In this case all

items repaired by the contractor under warranty could be shipped to a

centralized AF depot. The same comment applies to the requirement for

the contractor operating an Autodin terminal tc accomplish asset re-

porting.

® In lieu of citing certain data in Section J (Special Provisions) of

the contract in many recent applications these data are contained in

the contract schedule. An example of how the information would be

displayed is shown below. The data entered in the example are for

illustrative purposes only.

PRICZ FOR PRICE "I,
PRICE ?OR Wrar WAPJAAWly NIND APM.f 1~

'MYYA.L W,"A.M.? GAAHSTE ' SF 5UAAArtE REPAZIR PERIOD
NONLNYLA z % PT N N-LY : ION 7 T: S AT i I 3

X ,B!C,~ C. ~c 5Z.10 la .,OO days 2300 32Co 130~

2 1% 0) 53C,0 ,5o , 3,:0 0 30 0 Jays 4000 4500 "00
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O As indicated in Subsection 7.1.1.2 of this report, specifications for
Failure Verification and for Repair Verification Test Procedures may

not have been prepared at the time of contract award. If this is the
case, the provisions should indicate that the specifications are tri be

determined (TBD) and are subject to Government approval.

For some units it may not be feasible to install seals (for example,

on printed circuit boards). In these cases the conformdl coating
applied to the boards may serve as a seal, or alternative methods
could be developed to indicate the presence of unauthorized maintenance.

Alternative methods would also be required for identification plates
and install/removal decals. If the warranty is at the module level,
with modules defined to include boards, a reasonable approach would
be to eliminate the requirement to record install/removal dates and
assume a yearly total operating time.

For critical equipment, or low sparing levels, the provisions could
indicate that in no case will shipment occur more than 48 hours after
receipt of the MRO.

O The number of "Retest OKs" expected will vary with individual items of
equipment, adequacy of test equipment, etc. An alternative to this
provision would be to state a certain percentage of "Retest Oks" that
will be processed at no additional cost and to have the contractor
quote a fixed price for processing "Retest Oks" above this percentage.

©If an MTBF guarantee is not applicable, an agreed-upon value may be
used. In addition, if the average operating time per day computation
is not practical, an assumed number, such as 24 or 8 hours per dcy,
could be used for many items of ground equipment.

Values typically used in recently awarded contracts.

If demand does not justify an Autodin terminal, an alternative notifi-
cation such as TWX may !De stated.

G Copies of these Data Item Descriptions are shown in Appendixes F and
G. As indicated in Subsection 7.1.2.6, required modifications to these
DIDs would be dependent upon the specific application.
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APPENDIX E

STATEMENT OF WORK (SOW) OUTLINE
FOR USE WITH WARRANTY-GUARANTEE

As indicated in Chapter Seven, when a warranty-guarantee requires
contractor maintenance at other than the depot level only, it may be
necessary to prepare a separate statement of work (SOW) to describe the
services to be performed. For example, at an operational site a contractor
could provide warranty maintenance on equipment he had delivered and on
other site equipment (GFE) provide maintenance under a services contract.
Under these circumstances, or even if the contractor manufactured all the
equipment, there are additional factors that must be covered independent
of the warranty provisions. This appendix presents an outline for a SOW,
which provides the general categories of information that must be covered;
detailed information would depend on the specific application.

E-1



SECTION I: GENERAL

PART A

SCOPE

Part A would address, in general terms, the following iter;. Ai.',
detailed information is provided in subsequent sections.

1. Types of equipments or systems and their operational location

2. Services to be provided and any warranty/guarantee associated
with these services

3. Designation of the technical representative of the contracting
officer (TRCO) at each operational location

4. Statement of authority and responsibility of the TRCO in rela-
tion to the contractor

PART B

DEFINITION OF TERMS

Part B would define those terms and acronyms used within the SOW. The

following terms are representative of those required:

1. Administrative Contracting Officer

2. Air Force Chief of Operating Location

3. Contractor Site Manager

4. Maintenance Services

5. Preventive Mainten:n,,

6. Corrective Maiitenanc",

7. Govornment Furnished Prr:cprt:.

8. Contra-tor Furnished Property

E-2
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PART C

GOVERNMENT FURNISHED ITEMS AND SEFVICLS

Part C would list those items and services to be provided by the

Government, including:

1. Buildings and utilities

2 Office equipment, supplies, communications

3. Tools and test equipment

4. Ground-handling equipment

5. Spare parts and material

6. Government publications, including technical orders and forms

7. Calibration of test ejuipment

PART D

CONTRACTOR MANAGEMENT REQUIREMENTS

Part D would state the management requirements the contractor is
expected to fulfill and could include the following:

1. Set minimum standards for employee qualifications

2. Provide organizational charts of the contractor work force

3. Evaluate operations, maintenance, personnel trainina, and per-
formance for the purpose of improving operations and maintenance

efficiency

4. Prepare recommended revisions to both Air Force and contractor
directives

5. Establish new procedures and documentation when required by
procedural changes

6. Recommend priorities for workload accomplishment

7. Establish and maintain qua ty assurance control in accordance
with a .)I icabe Air Force directives

8. PreT are cortingency plans tor natural disasters, work stoppages,
etc., that wDuld adversely affect the ability of the contractor
to perform required work

E-3

7IT= 7



PART E

SECURITY

Requirements for personnel security clearance and day-to-day security
matters should be cited and referenced to applicable security directives.
Special security requirements for classified equipment or communications
would also be included.

PART F

SAFETY

Safety requirements for both contractor personnel and Air Force
operational personnel should be cited in relation to Air Force safety
directives. Accident investigation and reporting procedures should also

be cited.

PART G

PUBLICATIONS

Part G would list the publications applicable to the Statement of
Work. It would also establish contractor responsibilities to maintain
the necessary publication library. At a minimum, this would include
equipment technical orders for equipment maintenance and supply manuals
necessary for logistic support.
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SECTION II: OPERAi IONS

PART A

OPERATIONAL REQUIREMENTS

Part A would address the operational availability or maintainability
requirements relative to the warranty-guarantee provisions. For example,
the following is an extract from an actual contract in which a contractor
is providing full maintenance on a remote radar station.

"I. The contractor shall provide the necessary services and mainte-
nance to maintain an overall operational availability of at least
98 percent for the communications-electronics equipment specified
in Section IV, Part A, of this statement of work.

2. Operational Availability will be calculated by the government as
follows:

Available Time - PM - CM - Testinga. Ao Available Time

where

Available Time 7 days/week, 24 hours/day

PM = Preventive Maintenance

CM = Corrective Maintenance

Testing = Time in which equipment testing causes that
equipment to be non-operational cr not within
specified parameter:

b. Equipment downtime resulting from government-cau-ed delays

(i.e., supply delays, military priorities, etc. , from
government-directed actions such as TCTOs, from rower short-
ages whicli are not caus'- by contractor action (i non-,ction,

or from acts of God fall not bt included in 'Ava7 iable Time.

Although th0e above ex,,nple did not address a -1arly defined penalty
for the availabilit, not oeing met, such a quarante: could be included in
t-~c wararantv-u ranftee Nrovisions and re".renced in the SOW.
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PART B

EVALUATION

Part B would address the frequency and method required to evaluate

contractor performance. For example, if the Equipment Status Reporting

System were used for evaluating availability, a continuous record would be

kept of downtime and certified by the Air Force Chief of the Operating

Location.

E-6

' InA I



SECTION III: LOGISTICS

PART A

SUPPLY

Part A would depend on the degree of contractor maintenance required
under the contract. For example, if the contractor is totally responsible
for all maintenance under warranty, he would be given the latitude of
repairing all equipment at the operating location or, using his own supply
procedures, of returning equipment to his intermediate or depot repair site.

Any contractor interface with the Air Force standard supply system
would be contained in this section. For example, at a multiple equipment
site where some equipment is maintained under warranty and other Gcvernment-
owned equipment maintained under a fixed-price services contract, the con-
tractor may be required to turn in reparable GFE and request replacement
units. Contractor responsibilities for such reparable processing must be
defined.

PART B

PROPZRTY CONTROL

Part B would define the contractor responsibilities for control of any
Government-supplied property or equipment. The following items are repre-
sentative of those recuiring accounting and reporting:

1. Bench stock

2. Tool cribs

3. Excess equipment and spares (including disposal actions,

4. Calibration of Precision Measuring Equipment (P:T'

5. Marking and segregatio.. of contractor-owned equ'mr-rr.nt

E-7
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PART C

TRANS PORTAT ION

Transportation factors to be included in Part C are as follows:

1. Authorization regarding the use of Government Bills of Lading and

franking privileges, if any.

2. Definition of vehicles, if any, to be provided by the Government.

If vehicles are to be provided, restrictions on their use and

maintenance responsibilities should be cited.

3. Special transportation requirements quch as those unique to Pre-

cision Measuring Equipment.

4. Responsibility for and procedures to follow in pa-kaging and

crating Government property.

I!
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SECTION IV: EQUIPMENT MAINTENANCE REQUIREMENTS

PART A

EQUIPMENT

A list of all equipment (including the quantities of each type) for
which the contractor is responsible should be contained in Part A. If any
changes in the equipment quantities are planned, they should also be indi-
cated. In addition, any modifications required, such as Time Compliance
Technical Orders (TCTOs), should be listed.

PART B

MAINTENANCE REQUIREMENTS

Part B would address the level of maintenance required and associated
maintenance management. For example, on some items of equipment the con-
tractor could be responsible for all preventive and corrective maintenance,
including bcth on- and off-equipment maintenance. On other items he may be
responsible for on-equipment maintenance only (i.e., remove and replace)
and may be required to return reparable units to a Government depot for
repair. Maintenance management items would also be included, such as pro-
cessing maintenance data collection (MDC) documents, material deficiency
reports, configuration control, corrosion prevention and control, etc.
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SECTION V: CIVIL ENGINEERING

Section V would address contractor responsibilities, if any, in the

following areas:

1. Custodial services

2. Real Property Installed Equipment (RPIE)

" Heating

• Air conditioning

" Standby emergency power

• Electrical distribution and lighting

" Plumbing

" Water and drainage systems

3. Fire protection and fire fighting
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APPENDIX F

DATA ITEM DESCRIPTION DI-L-30321A
RELIABILITY I MROVEMENT WARRANTY (RIW)

DATA REPORTING AND SUMMARY REPORTS

The Data Item Description contained in the following pages is used to
accumulate data on warranted equipment. The data permit the procurement
activity to evaluate contractor compliance with warranty provisions and to
make contract price adjustments.
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DATA ITEM DESCRIPTION I DOENTIFICATION , NO 'S '

AGENCY NUMBER
11 TI'TL.E
Reliability Improvement Warranty (RIW) Data

Reporting and Surmary Reports USAF DI-L-30321A
a. OESCRIPTION, PURPOIE 4 APPROVAL DATE

These data are used in the accumulation, 11 January 1978
processiny, analysis and reporting of equipment , OFFICE or
failure data. Warranty data and summary reports RESPO.SIO.'(1-

are used to apprise the procuring agency of the AFLC
type, severity, and frequency of failure occurring D OC REOUIRED
in activities under the cognizance of the contracto.
Such data are necessary for evaluating the
effectiveness of the Reliability Imtrovement
Warranty concept and for providing information a APPRVoAL 41MrATION

necessary for contract urice adjustments.
7. APPL.CaTIO-N-1,' I N Tri. aYION4

This data item description is intended for use
on all USAF procurements specifying a requirement
for Reliability Impirovement Warranty (RIW). oEP rENCS A°na.... blc '

Separate reportiny requirements are included.
Delivery instructions for each report must be
identified separately on the Contract Data Require-
ments List (CDRL).
This DID supersedes DI-L-30321.

WCSL NUMI EP1i)

10. PPA R L ATION NTRAUCyT om

10.1 Warranty Data Report. This report will contain as a minimum:

a. Program Suaary. This part of the report will summarize the
RIW progrdn. activity as follows:

(1) Program Detail - Display the RIW start date, reporting
period start date and thie reporting period cut-off date.

(2) Utilization Detail - Display the average quantity of
installer systema., Average Operating Time (AOT) and Total Operating
Hours (TOi).

(3) Repair Detail - Display the quantity of units returned
subd..vided by: exclusions (QTY/PCT), non-verified failures (QTY/PCT),
and warranted failures (QTY); warranty units repaired and total
repair days.

(4) Performance Statistics - Display achieved :Aean Time
Between Failures (NTbF) and average Turn Around Time (CA'T).

(5) Prograjm. Status - Dinlay by days and operating
hours, contract war_,anty, warra-.ty used and warranty re i.aininy.

DD 2 ""Of 1664 APLC-PAOAP* SO20*4 PAZ& PAGE%
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DI-L-30321A (Cont'd)

10. Preparation Instructions (Cont'd)

b. Unit Summary. This part of the report will summarize the
RIW activity for each type unit (Line Replaceable Unit (LRU)/
Shop Replaceable Unit (SRU)) as follows:

(1) Delivery/Processing Status - Display total units
delivered, units returned subdivided by: exclusions (QTY/PCT), non-
verified failures (QTY/PCT), and warranted failures (QTY); quantity
in repair, quantity in secure storage, quantity reshipped,
quantity condemned/lost, quantity on consignment, repair manhours,
and repair parts and material costs.

(2) Utilization Detail - Display average quantity of
units installed and Total Operating lours (TOH).

(3) Unit Cycle Time - Display the logistics pipeline
in average days for the following segments: shipment to
contractor receipt, contractor receipt to storage, storage
to shipment, shipment to installation, installation to
removal, and removal to shipment.

(4) Unit Performance - Mean Time Between Failure
(guaranteed/ achieved) Turn Around Time (guaranteed/achieved).

c. Unit/Detail. This part of the report wiUl display by
each type unit (LRU/SRU), historical activity of all delivered
units as follows:

Unit serial number, date to storage, date of Material
release Order (MRO), date shipped, elasped time indicator (ETI)
reading out, configuration code, shipping destination, date
installed, aircraft/equipment type and tail/serial number,
date removed, date shipped to contractor, date received
by contractor, originating activity, ETI reading in and RIW
repair code (i.e. warranty exclusion, nonverified failure,
warranty failure, etc.).

d. Failure Analysis: This part of the report will be a
narrative analysis, by each type unit (LRU/SRU), of failures
experienced, indicating modes, trends or patterns of failuree
and recommended/accomplished or projected corrective actions.

e. Modification Status Summary: This part of the report
will display by each type unit (LRU/SRU) all Engineering Change
Proposals (ECP's) submitted for reliability improvei;.ent as
follows:

Page 2 of 3 pages
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DI-L-30321A (Cont'd)

10. Preparation Instructions (Cont'd)

ECP number, date submitted, date approved, status code
(i.e., govt approved, automatic approval, disapproved, etc.),
configuration code, production effectivity (date and serial
number), repair effectivity (date) and QTY/PCT of units
affected and completed.

f. Consignment Spares Inventory: This part of the report
will be a listing, indicating units (LRU/SRU) on consignment
(loan) to the Government, including the noun serial number
and date of consignment.

g. Other: This part of the report will include pertinent
data, facts, information and investigation that the contractor,
at his discretion, believes will be of value to the Government
in implementing and expanding the RIW concept. Information
concerning lost items or items declared nonrepairable shall
also be included.

10.2 Warranty Effectiveness Report: A warranty effectiveness

report shall be issued annually at the end of the reporting
period. This report shall contain the contractors experience,
analysis and conclusions regarding the effectiveness of the
warranty. Particular attentipn shall be given to significant
actions the contractor took, and the reason therefore,
especially those he would not have taken on a contract without
RIW. This report shall also contain recommendations regarding
warranty clause provision which may be of mutual benefit to
the Government and contractor.

10.3 Parts Consumption Report: A. alpha-numerical listing of
all parts contained in the equipment under warranty, indicating
the total quantity of each part consumed during repair actions.
Data displayed will include all repair actions from the
warranty start date through the required report cut-off date.

10.4 Final Warranty Effectiveness Report: A bound, final warranty
effectiveness report shall be issued after termination of the
warranty program. This report shall contain all pertinent
information summarized for easy understanding by those in
Government or industry who are not familiar with RIW. It must
also provide in appendix, full documentation to substantiate
the conclusions and recommendations contained therein.

10.5 Data Collection, Analysis and Reporting Plan: A data
collect..ion, anal ysis and reporting plan shall be prepared
detailing( the da:L:ecords to be maintained and the report
format to be provided for each of the above reports.

Page 3 of 3 pages
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APPENDIX G

DATA ITEM DESCRIPTION DI-L-30320
REPORTING MATERIEL TRANSACTIONS

CONTRACTOR STORAGE/DISTRIBUTION POINT

The Data Item Description contained in the following pages indicates
the supply ard accounting data reported by the contractor on USAF-owned
assets being stored and repaired under the provisions of Reliability
Improvement Warranty (RIW). The data are used by the Item Manager to
maintain accountability of assets in the contractor's possession.

I
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DATA ITEM OESCRIPTIOM #oeNTIPICATIo.0o 31AGENCY NUM1191

Reporting Materiel Transactions Contractor Storage/
Distribution Point USAF nI-L-30320
I. 044C PNw I@0M1PUNRpOS 4. APPROVAL OAVr

To provide transaction reporting of shipments, 8 APR 76
receipts, condition changes, etc., of USAF owned i' . w..w..rIM°"*
assets being stored and repaired under the
provisions of Reliability Improvement Warranty AFLC
( R I W ) . . O C A .a ., ..o
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This data item description is intended for use on al

USAF procurements specifying a requirement for
Reliability Improvement Warranty (RIW). 0. a.gp'.E.nc .o o.Cite, ,

AFM 6-1, Vol I,
Part One, Chapter 5.
AFM 67-1, Vol III,
Part Three, Chapters
4 & 17.
DOD 4140.22-M.
DOD 4140.17-M.

MWCI. mumIaSI(z

Replaces tIL-83-MM

10 iPRK ANT'ON iNST IJ IONi s

I. The contractor shall provide the following data to the government by
AUTODIN/Advanced Record System:

a. Receipt Transaction (Serviceable) - Upon delivery of a produc-
tion Spare Unit (LRU/SRU) to the bonded storeroom, transmit a receipt
transaction in MILSTRAP format, attachment 1.

b. Receipt Transaction (Reparable) - Upon receipt of a failed unit
(LRU/SRU) from a government activity, transmit a receipt transaction in
MILSTRAP format, attachment 2.

c* Inventory Adjustment Transaction - Upon input of failed unit
(LRU/SRU) to repair and/or completion of repair, transmit inventory
adjustment transaction in MILSTRAP format, attachment 3.

d. Materiel Release Conformation/Denial - Upon receipt of Materiel
Release Orders (MROs) from the Government, transmit shipment conforma-
tions/denials in MILSTRIP format, attachment 4 or 5.

2. Source documents, DO Form 1348-i, "DOD Single Line Item Release/
Receipt Document," D Form 1149,"Requisiticn and Invoici/Shipping
Document," and contractor flow/repair documents utilized for the prepara-
tion and transmission -of the above data will be retained by the
contractor for government review/inspection.
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Ir
DI-1-30320
rreparation Instructions (cont.)

RECEIPT TRANSACTION FROM PROCUREMENT SOURCES

COLS FIELD LEGEND ENTER

1-3 Document Identifier D4S

4-6 Routing Identifier (to) ALC's Routing Identifier

7 Date Per DD 250, block 3 (Note) ]
8-22 Stock Number Per DD 250, block 16

23-24 Unit of Issue Per DD 250, block 18

25-29 Quantity Per DD 250, block 17
(prefix with zeros)

30-43 Contract Number Per DD 250, block 1

44 Blank

45-50 Contract Line Item PerDD 250, block 15

51-53 Mult-Use 001

54 Distribution Year Code (7 for 1977)

55-56 Blank

57-59 Project Code Per DD 250, block 14
(blank, if not applicable)

60-66 Contract Shipment Number Per DD 250, block 2

67-69 Routing Identifier (from) Contractor's Routing
Identifier

70 Purpose Code A

71 Condition Code A

72 Blank

73-75 Date Date received

76-80 Blank

NOTE: Alpha A, Jan; B, Feb; C, Mar; D, Apr; E, May; F, Jun;
G, Jul; H, Aug; J, Sep; K, Oct; L, Nov; M, Dec.

Page 2 of 7 Atch I



PI-L-3n320
(Prenaration Instruction)RECEIPT TRANSACTION

(Reparable Receipt from the Government)

COLS FIELD LEGEND ENTER

1-2 Document Identifier D6

3 Blank

4-6 Routing Identifier (to) ALC's Routing Identifier

7 Blank

8-22 Stock Number Data reflected in source
document

23-24 Unit of Issue Data reflected in source
document

25-29 Quantity Data reflected in source
document (prefix with
zeros)

30-44 Document Number Data reflected in source
document

43-50 Blank

51 Signal Code Data reflected in soarce
document

52-53 Fund Code Data reflected in source

document

54 H

55-56 Distribution Data reflected in source
document

57-59 Project Code 390

60-66 Base SRAN Data same as in columns
30-36

67-69 Routing Identifier (from) Contractor's Routing
Identifier

70 Purpose Code A

71 Condition Code F

% Management Code H

73-75 Date Date of receipt

76-80 Blank
Pae-o0 AtchPage 3 of 7
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01-L-1032Preparation Instruction (cont.)

INTER-CONDITION TRANSFER TRANSACTION

COLS FIELD LEGEND ENTER
1-3 Document Identifier DAC

4-6 Routing Identifier (to) ALC's Routing Identifier

7 Blank

8-22 Stock Number Applicable Stock Number

23-24 Unit of Issue EA

25-29 Quantity Quantity (prefix with
zeros)

30-43 Document Number (See Note)

44-65 Blank

66 Condition Code (to) A

67-69 Routing Identifier (to) Contractor's RoutingIdentifier !!

70 Purpose Code A

71 Condition Code (from) F

72 Blank

73-75 Date Transaction Date

76-80 Blank

NOTE: The doucment serial number will be obtained from a block
of serial numbers furnished by the Government (e.g., 4016-4106).
A sample document number would be FD206053224016.

COLS 30-35 - FD2060
36-39 - Julian Date
40-43 - Document Serial Number

Page 4 of 7 Atch 3



D-L-30320
Preparation Instruction (cont)

MATERIAL RELEASE ORDER (MRO) CONFIRMATION

COLS FIELD LEGEND ENTER

1-3 Document Identifier ARO

4-6 Routing Identifier (to) ALC's Routing Identifier

7 Media and Status Data reflected in MRO

8-22 Stock Number Data reflected in MRO

23-24 Unit of Issue EA

25-29 QuantiLty Quantity shipped (prefix

with zeros)

30-43 Document Number Data reflected in MRO

44 Suffix Data reflected in MRO

45-50 Supplementary Address First six positions of
the TCN (See Note)

51 Blank

52-53 Fund Code Data reflected in MRO

54-56 Distribution Code Data reflected in MRO

57-59 Date Shipped Date material was shipped"

60-61 Priority Data reflected in MSO

62-64 Date Date MPO received at
contractor's facility

65-67 Routing Identifier (from) Ccntractoi.'s Routing
Identifier

68-76 Transportation Control Last nine positions of
Number the TCN (See No e)

77 mode of Shipment Mode of shipment code
(See Atch)

*78-2Q Date Date material was avail-
able for shipnnt

NOTE: The transportatlon control number (TCN) w.1 Oe construct

from the MRO document number. Using FB2065510-601
2 as an example

_J.LS 43-v) would reflect B20655
68-76 would reflect 1056012XX

*Date material packaging was completed. Atch:
Page 5 of 7
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r1 -1-3-1 V
Prenaration Instruction (cont)

MOD)E OF SIIIPME*IT CO;)ES

Code Description

A% ;.otor, truckload
3 Aotor, less truckload
C Van (unpacked, uncrated personal and/or

government property
O Driveaway, truckaway, towaway
E Busline
r military Airlift Command (MAC)
G Parcel Post, surface

H Parcel Post, air
I Government truck, including common service
J RCA express
K R~ail, carload
L R~ail, less carload

M Freight foruarder
I LOGAIR

1i Organic military air
P Through bill of lading

Q Air freightI
R Air express
5 Air charter
T Air freight forwarder

U QUIC:'RPANS
V Sea-van service

U W1ater, river, lake, coastal (connercial)
Sealift Express Service (SEA-EX) (Note: Not
,!o be shown on TCMDs; for use in shipment
3;tatus and tracing only).
IMSTS (controlled/contract, arrancred space)
Government watercra ft, barae/lighter

3 noll on/roll off service
4 .\zned rorces Courier Service (ARFCOS)

United Parcel Service
6 Military official Mail (MOM)

7 Weapon System Pouch Service
a PIPELINE
9 Local delivery, including deliveries between

air or water terminals and adjacent activities.
* Pilot pick-up of FMS materiel by foreign country

aircraft (for A.F assignnent only).

Page 6 of 7
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I-L-30320
Preparation Instruction (cont)

MATERIAL RELEASE ORDER (MRO) DENIAL

COLS FIELD LEGEND ENTER

1-3 Document Identifier Col. 1--Data reflected
in MRO; Col. 2-6;
Col. 3-Data reflected
in MRO

4-6 Routing Identifier (to) ALC's Routing Identifier

7 Media and Status Data reflected in MRO

8-22 Stock Number Data reflected in MRO

23-24 Unit of Issue Data reflected in MRO

25-29 Quantity Quantity being denied
(prefix with zeros)

30-43 Document Number Data reflected in MRO

44 Suffix Data reflected in MRO

45-50 Supplementary Address Data reflected in MRO

51 Signal Code Data reflected in MRO

52-66 Blank

67-69 Routing Identifier (from) Contractor's Routing
Identifier

70 Ownership Code Data reflected in MRO

71 Condition Code Data reflected in MRO

72 Management Code Data reflected in MRO

73-80 Blank

aU GOVZRANH PRINTI.Nt "IFFICE: 1977-?OS.O20/410

Pace 7 of 7 Atch 5
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MISSION
* Of

Rom Air Development Center
RAVC pItan,6 and execu-te6 'cu6ea-'Lch, deveCopment, te&t and
,6eteeted acqui6it2on p'togl~aw in 4uppo~t o6 Command, ContAot

* Comn~cation6 and InteZigence (C31) activitiez. TechnicaZ
and enginee~ing s~uppotr.t withiZn aAea46 o6 technZcat competence
is p'Lovided to ESO Ptogkam O66ices (PO.6) and otheit ESO
etement6. The ptincipo.Z technicat miazion a'Lea6 a'te
commwnication6, etectzomagnetic guidance and con-tkot, 6UAL-
v'eiUance o6 gtound and ae~tozpace ob' ectz, inte~igence data
cottectibon and handeing, -indo'uation .6y.-tem .technotogy,
iono,6pheuic ptopagation, .6otid ztate -4c-ence46, micAouave
phq.6cs and etectLonic teZtbitity, maintainabitity and

* cornpatibitity.
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